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For a clay slope loaded quickly
It’s a nice idea, I guess,
That shear strength stays the same
No matter what the normal stress.
But the UU tests before me
Are suggesting otherwise —
That as the depth increases,
The undrained strength may rise —
While unconfined compression tests
Insist the strength stays low.
200 psf was measured
12 feet in a row.
The pocket penetrometers
Are all over the map,
And due to no recovery,
There’s a 4-foot data gap.

I could be conscientious
With conservative assumptions:
No strength gain with effective stress,
Or other such presumptions.
Perhaps I’ll take an average
Minus one standard deviation
To ensure the slope won’t fail
While I’m on my next vacation….

But if the samples are disturbed,
And my s

u is far too small,
This design will cost a fortune —
Or worse, won’t be built at all.
Selecting undrained strengths 
Just isn’t something I can wing,
For this parameter so elusive 
Controls most everything.

Mary C. Nodine, PE, A.M.ASCE, is a geotechnical poet and a project engineer with GEI Consultants, Inc. in Woburn, MA. She can be reached at 
mnodine@geiconsultants.com

AUTHOR

Geo-Poem by Mary C. Nodine, PE, A.M.ASCE
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In “So, Why Do You Want to Write a GBR,” 
Gary Brierley notes, “The GBR concept pre-
miered in 1974 in a report titled “Better Con-
tracting for Underground Construction.” That’s 
when the concept was fi rst disseminated to 
the industry, but the actual GBR history dates 
back to the early 1970s.

That’s when the owner of the Washington 
Metropolitan Area Transit Authority tasked its 
general engineering consultant (GEC) with 

fi nding a way to minimize the number of differing site condition claims 
that were plaguing the earlier tunneling contracts. The GEC passed the 
task to its Board of Engineering Consultants (BOEC) – Ralph Peck, Don 
Deere, Al Mathews, Art Chase, and Bill Mueser.  

The BOEC thought that a document should be included in all of the 
tunneling contracts to explain the effects that geology had on design and 
what effects it was likely to have on construction. At the time, Mueser’s 
site investigation reports (called geological reports) were not considered 
contract documents, but information documents, and the only geotech-
related information that went directly into the contract packages were 
the boring locations and the presumably factual boring logs.

The BOEC recommended that each tunnel fi nal designer produce a 
document that would make use of the project’s geological reports and 
also include the designer’s explanation of how the geological interpre-
tations had infl uenced design; how they might infl uence contractors’ 
designs (as for temporary support); and how they might well affect 
actual construction. These reports were made a part of each section 
designer’s scope of work and were bound in with specifi cations so 
there could be no doubt about their place in the hierarchy of contract 
documents. At fi rst they were simply called geotechnical reports to 
distinguish them from Mueser’s more generalized geological reports.

Those early reports have now morphed into the better known GBRs. 
There may be controversy as to whether GBRs have served their original-
ly-conceived purpose, but it appears they are probably here to stay.

Charlie Daugherty
Parsons Brinckerhoff 
New York, NY

John Sutton’s “Why Aren’t Practicing Geo-
technical Engineers Rushing to Become 
D.GE’s” raises thoughtful questions about 
how well we, as a community of practice, 
have embraced specialty certifi cation. He 
wondered why we have “fl atlined” in our 
efforts to attract highly qualifi ed geoprofes-
sionals to seek a form of board certifi cation.

On the fl ip side, ASCE is promoting 
specialty certifi cation as a required factor in 
the selection of consulting engineers. ASCE 

Manual and Reports on Engineering Practice Number 45, “How to Se-
lect and Work Effectively with Consulting Engineers: Getting the Best 
Project,” addresses the selection procedure through the Quality Based 
Selection Process.

In support of this effort, the Academy of Geoprofessionals (AGP) 
established the Public Infrastructure Clients/Owners Committee 
(Committee) to conduct outreach to public agencies that own in-

frastructure. The committee’s goal is to encourage public agencies to 
specify the D.GE as a required qualifi cation in their RFPs from geopro-
fessional consultants.

All Committee members are D.GE’s: Richard D’Ambrosia, PE, 
Metropolitan Water Reclamation District of Greater Chicago (Retired), 
Marengo, IL; Jesús Gómez, PhD, PE, Schnabel Engineering, West 
Chester, PA; Franciscus Hardianto, PE, GE, Western Division, The Rein-
forced Earth Company, Englewood, CO; Larry Madrid, PE, Madrid En-
gineering Group, Inc., Bartow, FL; David Pezza, PE, U. S. Army Corps 
of Engineers, Headquarters (Retired), Norfolk, VA; and Blaine Leonard, 
PE, Utah Department of Transportation, Salt Lake City, UT.

The Committee has contacted a mix of federal, state, and local 
agencies. The overall response to the certifi cation concept is mixed. 
Typical fi ndings in agencies are:

•  Persons in charge of procurement are not always the most 
knowledgeable about the AGP, D.GE, or specialty certifi cations.

•  Some states, such as California, have their own specialty certifi -
cation requirements.

•  Some give greater weight to preferences and positive relation-
ships based on past performance than to just weighing certifi cations.

•  There’s a limited number of D.GEs in certain states and some 
see this limitation as restricting access to otherwise qualifi ed candi-
dates. A greater number of D.GEs would ameliorate this concern.

•  Some are more aware of the American Association of Water 
Resources Engineers because of the prevalence of related local water 
issues, and are unfamiliar with the AGP.

•  Federal agencies prefer to require the PE with demonstrated 
experience where certifi cations can give added weight to evaluating 
qualifi cations.

The Committee believes ASCE’s efforts to promote certifi cation is a 
positive step towards increasing public trust in our expertise. Although 
we are experiencing growing pains and challenges, we agree certifi ca-
tion is a necessary step towards ensuring our competency. 

David A. Pezza, PE, D.GE, F.ASCE
Public Infrastructure Clients/Owners Committee
dpezz001@odu.edu

I read “Is it Really a Sinkhole” with interest. It provided an interesting 
discussion of the problems working in Florida karst.  While the use of 
terrain in relation to Florida’s fl at-lying karst may be acceptable, the karst 
in many places of the world is designated as terrane (surface and/or sub-
surface) similar to the ground surface of the Karst Plateau in Slovenia.  

The karst of the Appalachian Mountains, China, Europe, and the 
Caribbean Islands are all different, resulting in a variety of landscapes, 
investigative tools, and solutions to problems and concerns that are 
quite different from Florida karst.  

The Harrisburg, PA sinkholes mentioned in the article can very easily 
be the result of solutioning along fractures and/or tilted bedding planes 
that resulted from tectonic events over the 300 or more million years 
that these rocks have existed.  Karst occurs in gypsum, various types of 
carbonate bedrocks and a variety of terranes, but is not necessarily ame-
nable to similar investigative techniques and engineering solutions.  

Joseph A. Fischer, PhD,  PE, ASCE/GSA Member
Gillette, NJ
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A Bridge with Some Geo-Education

A recent Geo-Institute Board meeting was hosted by 
Governor Barbara Luke at the University of Nevada, 
Las Vegas (UNLV). It was my first trip to Nevada 
in more than 25 years, and I took the opportunity 

to visit the Hoover Dam and the nearly-new, $240 million, 
Mike O’Callaghan-Pat Tillman Memorial Bridge. Kudos 
to the bridge designer (T. Y. Lin International), as the first 
sight of the bridge from the Hoover Dam access road is truly 
spectacular. Similarly, the contractor (Obayashi Corp and PSM 
Construction) must be commended for an on-budget delivery 
in a formidable environment.

The bridge has a pedestrian pathway, and while I was 
walking over it, the winds were incredible — probably the 
strongest I’ve ever felt. Building the bridge over a canyon with 

the high winds and wild temperature swings would have been 
challenging at best. But what really caught my attention was 
something entirely different and rare. There’s a pedestrian 
pathway leading from a parking area to the bridge, and the 
pathway includes numerous interpretive exhibits and plaques. 
One prominent plaque on the bridge included a listing of all 
the entities that were involved with the project. In addition 
to the usual suspects (the owners, contractors, structural 
engineers, architect, etc.), the geotechnical consultant, AMEC, 
was singled out, just like the rest of the team. In my experience, 
such acknowledgment of geoprofessional services is about as 
likely as winning the lottery. But it gets better.

One of the interpretive exhibits includes a plaque that 
describes the site characterization process. There are even rock 
cores that were collected for the project that are on display 
by the plaque. In the same area, there’s another plaque that 
describes how rock anchors were used to stabilize the fractured 
rock. It includes sketches of an anchor schematic and shows 
how they were used at the foundations. Additionally, the 
interpretive pathway cuts through a ridge. According to Dave 
Peterson, AMEC’s project geologist and geotechnical project 

manager at the time (who’s now with 
Kleinfelder), the design team wanted all 
aspects of the project to blend in with the 
canyon terrain. In keeping with the canyon 
aesthetics, they wanted the ridge-cut to 
have steeply sloping faces. So, to keep the 
resulting faces stable, rock anchors were 
required along the pathway. As a result, the 
plaques, rock cores, and visible anchors 
form a little geo-education stop along 
the trail. It’s fantastic, and I wish I knew 
who to commend for the idea. I hope it is 
something that we will we see more of in the 
future at other projects.

This is my second to last commentary 
(yes, I’m counting), and I’ve ended all of 
them with a plea for feedback. One reader 
questioned my math in the last piece, but 
otherwise I’ve heard nothing from you. I 
really want to hear your comments and 
suggestions… so please speak up!

William M. Camp, III, PE, D.GE, M.ASCE, 
Geo-Institute President
bcamp@smeinc.com

The Mike O’Callaghan-Pat Tillman Memorial Bridge in Nevada.
Photo: FHWA/CFLHD (Federal Highway Administration/Central Federal Lands 
Highway Division)



BENTLEY



From the Editorial Board by William K. Petersen

H e is no wise man who will quit a certainty for an 
uncertainty”… but with uncertainty being the 
only thing we are sure to face on nearly every 
project, this quote by Samuel Johnson suggests 

that geotechnical engineering should have little appeal to the 
wise. So what is it that draws us toward uncertainty and away 
from the neat and predictable solutions that typify the other 
branches of engineering? Curiosity and a fascination with 
what lies unseen beneath the ground surface are likely factors 
for most. Whatever the case, there is no question that the 
uncertainty of earth material properties presents elevated risk 
for the practitioner. In this issue of Geo-Strata, we explore the 
twin concepts of uncertainty and risk from various angles.

Uncertainty can be classified into two distinct categories: 
Aleatoric uncertainty results from natural randomness and 
cannot be reduced, whereas epistemic uncertainty is knowledge-
based and thus can be reduced by obtaining more data, 
constructing more accurate models, etc. John Christian 
and Gregory Baecher contend that most of our models are 
conservatively biased, resulting in an over-estimation of 
uncertainties related to soil properties. In “Geotechnical 
Reliability – Ten Unresolved Problems,” they challenge the 
profession to incorporate probabilistic thinking and reliability-
informed methods into geotechnical practice. On a related 
note, the advantages and applications of utilizing 3-D slope 

stability analyses are 
outlined by Murray 
Fredlund in his 
article, “Is There a 
Movement Toward 
Three-dimensional 
Slope Stability 
Analyses?”

Alternative project 
delivery methods like 
design-build (DB) 
and public-private 
partnerships (P3) 
introduce additional 
sources of risk and 
uncertainty for 
the geotechnical 

engineer. Besides the typical fast pace of these projects, 
it becomes necessary to interact with a complex web of 
professionals who are not usually part of engineering design 
teams, for example bankers and lawyers. In this environment, 
a good rule of thumb is to assume you won’t be present 
to explain your reports and recommendations, and also to 
remember that, unlike wine, bad news doesn’t get better 
with age. In other words, good communication is even more 
critical in these non-traditional contractual arrangements. In 

his article, attorney David Hatem offers a good overview of 
the issues related to risk allocation of subsurface conditions 
inherent with DB and P3 projects.

The engineering profession has generally only paid 
serious attention to risk and uncertainty immediately after 
failures, but recent events (Hurricane Katrina, Fukushima, 
etc.) have contributed to raising our overall level of awareness. 
Forensic investigations of engineering failures have shown 
that the designers were sometimes arrogant, had overlooked 
key details, and had exercised poor communication. 
Standards-based systems can be part of the problem, and 
layers of bureaucracy within agencies can cause warnings 
to go unheeded. In “Communicating Risk in Geotechnical 
Engineering Practice,” Jessee Scarborough proposes a four-step 
framework to communicate risk and uncertainty to an owner. 
He uses three case histories to illustrate the role that good 
communication plays in the “art” of geotechnical engineering.

In addition to the three-dimensional space that currently 
exists below ground, yet another dimension – time – comes 
into play when dealing with geologic materials. In his article, 
“The Best Surprise is No Surprise: The Geoprofessional’s 
Ethical Responsibility to Say No to Bidding,” Vic Donald 
emphasizes the importance of doing adequate site 
characterization to properly represent the subsurface, and he 
states that the success of every project requires cooperation of 
the ground. But considering that earthwork combined with 
untimely weather can instantly change soil conditions that 
have existed for millennia, it’s best to understand that the 
ground can be as uncooperative as it is unpredictable.

This issue presents the sixth and final installment of 
Rudolph Bonaparte’s series, “The Business of Geotechnics.” 
“What the Future Holds for Geoengineering Firms and Their 
People” outlines both historical perspective and future 
challenges for the profession. Although Bonaparte predicts 
that future demand for our services will be strong, successful 
companies will need to work globally. To accomplish this, they 
will need to become proficient in the cultural, ethical, legal, 
safety, risk, and professional environments of the countries 
in which they do business and from which they hire new 
employees. Each of these aspects introduces an added level of 
uncertainty to be overcome.

While reviewing these articles, I realized that this is 
an essential issue for both for students and experienced 
geotechnical engineers alike. There is ample food for thought 
on one of the most critical aspects of our profession, and we 
hope to get feedback from the readership in order to continue 
the discussion.

AUTHOR

This message was prepared by William K. Petersen, PE, M.ASCE. 
Bill can be reached at wpetersen@schnabel-eng.com

Geo-Strata  l   www.asce.org/geo12 
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T he term “risk,” as used here, refers to those fac-
tors that might threaten project objectives for cost, 
schedule, and quality. Risks arise from uncertainties. 
Geotechnical engineers are very familiar with un-

certainty. It pervades our work as unknowns about subsurface 
conditions, models, parameters, loads, groundwater, means 
and methods of construction, and more.

Historically, geotechnical engineers tried to manage these 
uncertainties by developing designs and recommendations 
based on their assessment of realistic worst-case models with 
conservative loads and parameters, and an appropriate factor of 
safety. In important situations, we might employ the Observa-
tional Method of Drs. Terzaghi and Peck, which entails:

• Developing recommendations based on reasonable as-
sumptions about uncertain factors;

• Making predictions of likely performance;
• Being prepared to implement additional mitigation mea-

sures if actual performance proves to be worse than predicted; 
• Monitoring the progress of the work; and

• Implementing the appropriate mitigation measures as 
soon as required.

Geotechnical engineers talk a lot about using engineering 
judgment to help us cross these chasms of uncertainty in our 
work. Apparently, we are doing a reasonably good job with 
these approaches, as most of our designs work well. But there 
are all too many cases with surprising outcomes and expensive 
consequences. We need more tools and improved tools to bet-
ter identify and manage those cases with high potential for bad 
outcomes, i.e., high risk.

While we may attempt to identify risks that could negatively 
affect our projects and seek to reduce their impacts, generally most 
geotechnical engineers have not taken a disciplined approach to 
managing project risks. By disciplined approach, I mean a process 
in which project risks are explicitly identified, assessed, and man-
aged. Note that I am not talking about managing internal compa-
ny risks related to such events as not getting paid, getting sued, etc. 
Most geotechnical firms do engage in some form of disciplined 
approach to deal with these internal risks.

As I See It by W. Allen Marr, PhD, PE, D.GE, NAE, F.ASCE

Project Risk Management 
for Geotechnical Engineers

Risk Event Consequence Likelihood
Risk to 
Project

Potential Mitigation

Global Instability

Excavation 
collapses taking 
building down – 
$50,000,000

Unlikely 
(0.01)

$500,000
Monitor movements 
and stop before 
collapse

Excessive 
deformation from 
shear or dewatering

Building cracks – 
$300,000 to 
repair

Moderate 
(0.2)

$60,000 Accept risk and repair

Significant loss of soil 
into excavation

Street or utility 
collapse – 
$2,000,000

Small (0.1) $200,000
Visually observe and 
manage flow into 
excavation

Table 1. Geotechnical risk registry for deep excavation.
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Over the past three decades, major 
advances in risk assessment in a wide 
array of disciplines have provided us 
with significant tools to become more 
proactive in helping our clients better 
characterize, quantify, and manage risk. 
Among these is the concept of the Risk 
Registry, which is already widely used in 
the tunneling industry. A Risk Registry 
is basically a table that lists the unde-
sirable events or outcomes that might 
occur on a project and assesses the 
probability and consequences of each 
outcome in either qualitative or quan-
titative terms. It should also identify 
possible measures that could be taken 
to reduce risk if an undesirable event 
begins to emerge on the project. Table 1 
shows a very simplified illustration of a 
Geotechnical Risk Registry for a project.

An important concept here is that go-
ing into a project, we face the uncertain 
prospect of a number of undesirable 
events occurring; however, we can’t de-
termine with certainty whether they will 
happen or not. We can use various tools 
to estimate our “degree of belief” in the 
likelihood that each may occur. As the job 
progresses, each event will either emerge, 
or it won’t. In the end, the likelihood of 
each event becomes 0 or 1, but we don’t 
know that going in. The goal is to make 
the best possible characterization of the 
risks that might affect the cost, schedule, 
and quality of the project and prepare a 
strategy to minimize the consequences of 
each risk if it does, in fact, occur.

Project Risk Management consists 
of the following steps:

IDENTIFY – 
Establish the events that may pres-
ent risk to the success of 
the project

ACCESS – 
Determine the likelihood of each 
risk element and the consequences 
in qualitative or quantitative terms

PLAN –  
Define and implement strategies 
that can be used to reduce likeli-
hood and/or consequences

MONITOR – 
Measure factors that can indicate the 
emergence of each risk event and 
signal the need for proactive actions

CONTROL – 
Take action to reduce risk at every 
opportunity

Risk management is a tool to help 
make reasoned and informed decisions 
in the face of uncertainty. It provides a 
means to identify and quantify risk in 
ways that can be communicated with 
the project owner and other members of 
the project team. It provides a vehicle to 
seek out the most effective way to man-
age each component of risk. Project risk 
management represents the next logical 
step in helping to deliver projects on 
time and within budget with minimal 
surprises and reduced costs.

W. Allen Marr, PhD, PE, D.GE, NAE, F.ASCE, is president and CEO of Geocomp 
Corporation in Acton, MA. He can be contacted at wam@geocomp.com
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While we may attempt to identify risks that 
could negatively affect our projects and 
seek to reduce their impacts, generally most 
geotechnical engineers have not taken a 
disciplined approach to managing project risks.
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Geotechnical 
Reliability – 
Ten Unresolved 
Problems
By John T. Christian, PhD, PE, D.GE, NAE, Dist.M.ASCE, 
and Gregory B. Baecher, PhD, NAE, M.ASCE

G eotechnical engineering deals with a world in 
which assured solutions seldom apply, and 
in which the famed early practitioners spoke 
proudly of accommodating uncertainty and 

judgment. Yet, in those early days there was remarkably 
little connection between the geotechnical community and 
scholars working in probabilistic thinking. It’s surprising: 
The yin and yang are so close. In the 1970s, the pioneering 
efforts of Wu, Lumb, Cornell, Whitman, Harr, and others 
showed that the geotechnical and probability worlds really 
were complementary. Despite great advances, however, many 
issues remain stubbornly intractable. This article suggests 10 
problems in reliability for which clarification would benefit 
the practice of geotechnical engineering.

1. Why are failures less frequent than predicted? Typical 
coefficients of variation for soil engineering properties are re-
ported to be on the order of 20-30 percent. Presuming a mean 
factor of safety of 1.5, corresponding reliability indices (�) are 
about 1.67, implying probabilities of failure of about 0.05. 
These are an order of magnitude larger than the observed fre-
quency of adverse performance and two orders of magnitude 
larger than the frequency of all-modes of failure of earth dams. 
Why the difference?

One answer is that uncertainty in soil properties is over-
estimated. The variation we observe in test data includes both 
actual variations of in situ properties and measurement error. 
That measurement error can be large. In the post-Katrina risk 

analysis studies of the New Orleans levee system, the noise in 
undrained strength data was estimated to be about 75 percent 
of the total data variance. These empirical results suggest that 
we greatly overestimate the uncertainties in soil properties.

Also, most analytical models in geotechnical engineering are 
conservatively biased, and a large number of multiplied “correc-
tion” factors are used to account for deviations from the basic 
case in, for example, bearing capacity and liquefaction analyses. 
These factors may not apply across the full range of parameters 
and, perhaps, should not be combined by multiplication.

It’s also possible that the actual rate of unsatisfactory perfor-
mance may be under-reported. Every case of foundation failure, 
excessive settlement, slope distress, etc., is unlikely to have been 
included in the data repositories for geotechnical facilities.

2. What is the actual variability of soil and rock proper-
ties? Several studies have been published on the variability of 
soil properties, but more work needs to be done, especially on 
how to improve estimates at a particular site. Variations in soil 
engineering data involve at least two things: (1) actual vari-
ability from one point to another, and (2) noise introduced by 
methods of measurement (Table 1). The latter can be large. In 
addition, however, there are at least two bias errors that creep 
into assessments:  (3) statistical error due to limited numbers 
of observations, and (4) model error due to the approximate 
nature of our mathematical descriptions of soil behavior.

The systematic errors do not appear in the data scatter 
because they are biases on the mean. Yet, they affect our 

This article is modified from a presentation by the authors at GeoRisk 2011.
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calculations in profound ways because they do not average out 
with scaling. For example, if we are told, “the probability of 
failure of a long embankment is 0.1,” does this mean that 10 
percent of the length is expected to fail, or that there’s a 1-in-10 
chance that the embankment fails in its entirety, or something 
between these two? The answer depends on the source of 
uncertainty underlying the probability. If the uncertainty 
derives entirely from spatial variation of strengths or loads, 
then the first statement is correct. If the uncertainty derives 
entirely from a systematic error, the second statement is correct. 
If the uncertainty derives from a mixture of sources, the third 
statement is correct… which is usually the case in practice.

Field exploration is expensive, so there are seldom enough 
data to support meaningful statistical analyses. Similarly, there 
is a tradition of basing conclusions in laboratory testing pro-
grams on small numbers of tests. It is quite common to en-
counter laboratory programs consisting of three or four tests. 
These are not enough to support broad conclusions about the 
statistics of soil properties.

3. The effects of spatial correlation. Geotechnical engi-
neering properties display spatial correlation. That is, soils 
adjacent to one another tend to have similar properties, while 
those widely separated do not. While there have been many 
successes in modeling spatially correlated random variables, 
the techniques for doing so are difficult to implement, poorly 
understood in practice, and routinely ignored.

Engineers often apply limiting cases to deal with phe-
nomena that are difficult to analyze. For correlation effects, 
these are the cases of perfect correlation (soil properties are 
the same everywhere, but perhaps uncertain) and of no cor-
relation (soil properties are entirely random without spatial 
pattern). Neither is a good approximation to the properties 
of real soil deposits.  A further concern is that determining 
correlation patterns in the field is not easy. Current methods 
require large amounts of data taken over a broad range of 
distances. Can exploration techniques be improved to provide 
adequate descriptions of correlation? How can correlation ef-
fects be incorporated in analyses without recourse to stochas-
tic simulations in every case? 

4. Scale effects. Much of geotechnical engineering involves 
scaling properties from laboratory or field tests based on lim-

ited volumes. We know that scaling to field-sized properties is 
a statistical problem, but the profession has not assimilated it.

Some geotechnical problems are governed by average 
properties; others are governed by local discontinuities. The 
settlement of a shallow foundation is an example of the for-
mer, and the stability of a rock slope is typical of the latter. 
Sometimes the properties of a small sample are reasonably 
comparable to those in the field, but often, as in the testing 
of rock samples, the behavior of a small sample is notably 
different from that of the rock mass.

For example, levee systems comprise embankments or 
walls extending tens of miles across ground that is poorly 
characterized. Levees fail at locations where loads are high 
with respect to strength, or where seepage resistance is low. If 
these critical locations are identified ahead of time, traditional 
methods can be used to analyze stability and calculate 
probabilities of failure.

The more common situation is that the full length of the 
levee system is not characterized in enough detail to know 
where the weakest spots are. In this case, any section of the 
levee system has some probability of experiencing higher than 
average loads or lower than average characteristics. Since this 
unfortunate combination cannot be uniquely identified before 
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Soil Property
Uncertainty

Natural Variation
(Aleatory)

Bias Error
(Epistemic)

Spatial 
Variation

Temporal Variation
Parameter 

Error
Model
Bias

Table 1.  Uncertainty in soil engineering properties involves both natural (“random”) variation and limited knowledge. The former 
are often called “aleatory,” and the latter are often called “epistemic.”

If we are told, “the probability 
of failure of a long embankment 
is 0.1,” does this mean that 10 
percent of the length is expected 
to fail, or that there’s a 1-in-10 
chance that the embankment 
fails in its entirety, or something 
between these two?
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a failure occurs, the longer the total length of levee, the greater 
the chance that an unfortunate combination exists somewhere.

For the purposes of reliability modeling, common failure 
modes can be categorized as one of three types with respect to 
levee length:  (1) those depending on continuum properties 
of the levee or subsurface; (2) those depending on unknown 
or undetected “flaws” in the levee or subsurface; and (3) those 
depending on known discrete features like through-going 
pipes, transitions between levee or wall sections, and gates.

The probability of failure for (1) and (2) is affected by 
the length of the levee. In both cases, longer levees have 
higher probabilities of system failure because the chance of 
encountering a weak zone or a flaw increases with length. The 
probability of failure for (3) is unaffected by length because 
critical locations are known.

Traditionally, it is assumed that a system fails when one 
component fails, and each component is independent. The 
difficulty with this approach is that, while theoretically elegant, 
it over-estimates the probability of systems failure. For a 
practical case such as New Orleans, the probabilities of failure 

calculated with this approach far exceed the observed rates of 
levee failure.

5. Can we develop reliability models for internal ero-
sion? About one-third of the failures of modern earth dams 
occur because of internal erosion. However, practical design 
methods are deterministic, and we do not have adequate 
methods to detect piping in existing structures. The major 
problem is that we lack a physical model for predicting inter-
nal erosion from first principles. The issue is not one of ap-
plying probabilistic methods to a problem whose physics is 
well understood. It is a problem for which the basic physics of 
failure has not been described adequately. Piping involves a 
stochastic process of flowing water removing particles from an 
erodible zone. However, the criteria used for design of inverted 
filters are expressed in grain sizes of the different layers and do 
not incorporate the thicknesses of the layers. Workers on dam 
safety recognize that current methods do a poor job of predict-
ing the formation of a solution cavity or even identifying it 
after it has developed.

A difficulty with current approaches is that piping is largely 
unobservable. The probability at each stage is subjectively 
assessed, but there is no ground-truth by which to judge 
whether the computed probability of piping failure makes 
sense (Figure 1).

6. Connecting the observational method to Bayesian 
updating. Near the end of his life, Terzaghi wrote:

Soil engineering projects […] require a vast amount 
of effort and labor, securing only roughly approximate 
values for the physical constants that appear in the 
equations. The results of the computations are not 
more than working hypotheses, subject to confirmation 
or modification during construction. In the past, 
only two methods have been used for coping with 
the inevitable uncertainties: adopt an excessively 

Figure 1.  Typical event trees for internal erosion include physical processes that are intuitively reasonable but unobservable, 
adding a somewhat theological aspect to predictions.
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As an industry, we have 
developed methods for 
estimating the risk of various 
types of failure. However, we 
have not developed ways to 
communicate the risks.
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conservative factor of safety, or make assumptions 
in accordance with general, average experience. The 
first method is wasteful; the second is dangerous. A 
third method is provided that uses the experimental 
method. The elements of this method are ‘learn-as-you-
go’: Base the design on whatever information can be 
secured. Make a detailed inventory of all the possible 
differences between reality and the assumptions. Then 
compute, on the basis of the original assumptions, 
various quantities that can be measured in the field. 
On the basis of the results of such measurements, 
gradually close the gaps in knowledge, and if necessary 
modify the design during construction.

The observational method requires that information be 
collected as the project proceeds so that the design and con-
struction strategy can be updated. It also requires that there be 
a plan for dealing with changed conditions. Invoking the ob-
servational method without making provisions for obtaining 
updated information and for changing the design in response 
is a prescription for unsatisfactory performance.

Bayesian thinking is the logic that Terzaghi describes. 
Bayes’s Rule says that uncertainties expressed as probabilities 
can be modified by observed information according to the 
statistical likelihood of those observations. The Likelihood—a 
term of art in statistics—is the probability of the observations 
actually observed were the hypothesis in question true. Wu, 
Einstein, and others long ago drew the connection between 
the observational method and Bayesian thinking, but the two 
approaches have rarely been combined, except in special cases 
such as Einstein’s Tunnel Cost Model.

7. Risk communication and active risk management. As 
an industry, we have developed methods for estimating the 
risk of various types of failure. However, we have not devel-
oped ways to communicate the risks (Figure 2).

There are actually two types of risk communication in-
volved: communication with owners and communication 
with the public. In both cases, the problem is that the engineer 
must convert technical knowledge into language that can be 
understood by stakeholders not conversant with the technol-
ogy. An underlying issue is that it is difficult for the public, 
owners, and even engineers to deal with and plan for ex-
tremely rare events that have severe consequences. How should 
resources be allocated? Which of many dire scenarios should 
be taken seriously?

8. Applying LRFD to geotechnical problems. Load and 
Resistance Factor Design (LRFD) was developed as a rational 
way to quantify the contributions of different loadings in the 
analysis of steel and concrete structures. Resistance was, and 
remains, a single variable. The factors are applied primarily to 
the loads. LRFD has been applied with some success to design 
procedures for piles, which are essentially structural members 
embedded in the ground. The approach has been less satisfac-
tory when applied to retaining structures, especially when the 
strength depends on normal stress and varying water pressures 

are ignored. Attempts to apply LRFD to general geotechnical 
problems, including effective stress, varying water levels, differ-
ent failure modes, and other common geotechnical phenom-
ena, have often devolved into efforts to make the new design 
procedures produce the same results as the old ones.

9. Guidance on exploration strategies. Much has been 
written about sampling strategy, but it has had little impact on 
site characterization. Part of the problem is that the results are 
not very useful unless they are combined with Bayesian think-
ing and subjective probability. There is a need for serious study 
of what can be done in a realistic environment for communi-
cating these insights to practitioners.

Much of current sampling strategy evolved from military 
applications, such as searching for mines. The first result of the 
theory is that one needs to do a lot of sampling to reduce the 
probability of error to an acceptable level. This is not a very 
useful result. Bayesian updating can be used to improve the 
situation, but we have not developed sampling strategies that 
are consistent with modern Bayesian methods and can be un-
derstood by people who must make decisions in the field.

If a value of a measurement lies far from the previously 
observed general trend, what impact should this have on the 
design procedures? While there are statistical techniques for 
dealing with outliers, it is not clear how they can be applied in 
the actual practice of geotechnical engineering. This may be a 
modern extension and elaboration of Terzaghi’s well-known 
emphasis on the importance of “minor geologic details.”

10. Can we improve on rules for multiple failure modes? 
Calculating the failure probability of a system from the com-
puted failure probabilities of the individual modes often leads 
to unreasonably conservative results. Current practice for the 
extreme cases is to assume that the behaviors of the individual 
failure modes are either perfectly correlated or perfectly uncor-
related. Without delving into the math (i.e., the so-called De 
Morgan bounds), the former assumption leads to an unreal-
istically low probability, and the latter leads to an unrealistic 
high probability: neither is useful. The nuclear safety industry 
address this problem with a simple weighted average of the 
bounds, and some such operational assumption needs to be 
developed for geotechnical practice.

Figure 2.  Communicating risk to stakeholders is an enormous 
challenge. Low-probability, high-consequence events are 
outside the intuition of most people.
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The Way Forward

The 10 unresolved problems we have described range from 
technical mechanics problems to matters of communication. 
The list is not exhaustive, but we propose them to challenge 
the reliability community.

After a long gestation period, risk and reliability-informed 
methods are at last making inroads into geotechnical practice, 
at least on major projects. This has been especially true at large 
federal agencies, including EPA, FHWA, USNRC, USBR, 
USACE, and FERC, and, correspondingly, at their contractors. 
The use of probabilistic methods on more commonplace proj-
ects has not progressed apace, but has been hindered by a lack 
of familiarity with probabilistic thinking by many geotechni-
cal engineers. It is a painful observation that even in 2014, 
while most non-civil engineering undergraduate engineering 

programs emphasize probabilistic and statistical thinking, 
few American civil engineering programs require more than a 
single rudimentary course on these topics.

Arthur Benjamin, professor of mathematics at Harvey 
Mudd College, proposed in a TED Talk in 2009 that calculus 
should not be the summit of the pyramid of general math-
ematical education, but that statistics should be. Calculus is 
beautiful, and every engineer needs it for professional prac-
tice; but statistics is useful, and every person needs it for daily 
life. Without a rudimentary understanding of probability and 
statistics, how can one intelligently think about data or make 
rational decisions in the face of uncertainty? Yet, this is the 
fate of most graduates of American civil engineering programs. 
Hal Varian, chief economist at Google, has echoed Benjamin’s 
point, saying that the “most sexy job in the next 10 years will 
be statistician.” We wonder if Google hires civil engineers?

John T. Christian, PhD, PE, D.GE, NAE, Dist. M.ASCE, is a consulting engineer in Burlington, MA. He is a founding member of the Geo-
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Is There a Movement 
Toward Three-dimensional 
Slope Stability Analyses?
By Murray D. Fredlund, PhD, PEng, Aff.M.ASCE

O ver the past few years, interest in performing 
three-dimensional (3-D) slope stability analyses 
has surged. An increasing number of research 
papers on this topic are being published at 

conferences and in peer-reviewed geotechnical journals. This 
increased interest has resulted in a reconsideration of the 
fundamental issues surrounding 3-D analysis and its practical 
application in the geotechnical consulting industry.

Landslides and most mass movements are, in general, 3-D 
in character. However, it has been common practice to analyze 

the sliding mass by considering static limit equilibrium 
conditions on a two-dimension (2-D) slice through the zone 
of greatest depth.

Some questions that a geotechnical engineer might ask 
when considering the relationship between 2-D and 3-D slope 
stability analyses are:

• Is there a need to perform a 3-D analysis in most situa-
tions where slope instability is a concern?

• What role do geometry and stratigraphy play in arriving 
at the conclusion that a 3-D slope stability analysis should be 
performed?

• In the case where a slope has failed, what is the rela-
tionship between performing a back-analysis and a forward-
analysis, while using a 2-D analysis on a mass movement that 
is obviously 3-D in character?

This article attempts to address these questions while 
also trying to assess whether 3-D aspects should play a 
significant role in the engineering design, or if they are now 
being considered simply as the natural outgrowth of having 
increased computational tools.

Background

The main observation that has emerged from comparative 
2-D and 3-D studies is that 3-D factors of safety are higher. 
Most comparative studies have involved simple slope 
geometries where the ground surface extends indefinitely 
in the lateral directions and the underground stratigraphy 
remains constant. The finding that a 3-D slope stability 
analysis yields a factor of safety higher than the 2-D factor 
of safety tends to foster a certain amount of interest in 
performing 3-D analyses. However, the comparisons between Figure 1.  Example of 3-D slope failure.
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2-D and 3-D slope stability analyses are not quite that simple. 
There are other factors related to ground surface geometry and 
soil conditions that need to be considered. Accounting for 
these other factors, a 3-D factor of safety can often be as much 
as 15 percent higher and occasionally up to 50 percent higher 
than that for a 2-D analysis.

The research literature also contains the results of many 
case history studies where a “back-analysis” of the failed slope 
has yielded a factor of safety close to 1.0, so it’s hard to dispute 
the fact that 2-D slope stability methods have been a good 
tool for geotechnical engineers. The study of slope stability 
analyses has been “good” in the sense that engineers have been 
relatively successful in predicting the stability of manmade and 
natural slopes.

Geometric and Stratigraphic Considerations

Figure 1 shows a typical geometric ground surface. Even 
when the ground surface remains constant in the lateral 
directions, it is well known that the slip surface takes on a 
3-D shape. The 3-D sliding soil mass has lateral limits that are 
caused by lateral variations in stratigraphy (i.e., soil conditions) 
and pore water pressure conditions, in addition to variations 
in ground surface geometry. These lateral variations commonly 
come under the term “end effects” on the sliding mass.

Back- and Forward-Analysis of Slope Stability

The back-analysis of a slope that has failed, or appears to 
be near to failure, is a situation commonly encountered in 
geotechnical engineering practice. Generally, a geotechnical 
investigation of the slope is undertaken with the result that 
the slip surface shape is identified along with the stratigraphic 
soil layers. Soil samples may also be collected for geotechnical 
laboratory testing, and the piezometric water level in the 
ground is typically measured. The shear strength of the soil 
may be measured in the laboratory, but in any case, a back-
analysis is carried out on a soil mass with a defined geometry.

The actual sliding mass in the field is 3-D in shape and 
should be simulated using 3-D slope stability software. 
However, it appears that quite often the back-analysis is 
undertaken using a 2-D slope stability analysis. As a result, the 
back-calculated shear strength parameters will now be too high. 
In other words, the actual sliding mass is 3-D in character and 
should be analyzed using a 3-D slope stability analysis in order 
to obtain realistic shear strength parameters. Because a 3-D 
analysis yields a higher factor of safety than a 2-D analysis, the 
2-D shear strength parameters calculated from back-analysis will 
likely be higher than parameters measured in the laboratory.

Let us then suppose that the 2-D back-analysis shear 
strength parameters are now used in a 2-D forward-type 
analysis. This means that the parameters being used in 
forward design of remedial or other measures are actually 
too high. While the 2-D analysis was previously viewed as 
being conservative when simply performing a forward-design 
type of analysis, the combination of performing a back-

analysis and a forward-analysis introduces a surprising element 
of unconservatism.

3-D Ground Surfaces

Most comparative studies have been undertaken using 
what is referred to as a simple geometric shape. However, 
there are many manmade and natural slope conditions where 
the ground surface shape is either concave or convex; in 
these situations, the slope under consideration is an internal 
corner or an extruding corner. Concave and convex corners 
are particularly common to mining operations and require a 
3-D slope stability simulation. For either of these conditions, 
it becomes extremely difficult to attempt to rely on a 2-D 
slope stability analysis for the assessment of stability. When 
the stability of a number of slopes with concave and convex-
shaped corners is analyzed, we find the 3-D computed factors 
of safety to be 20 to 60 percent or greater than 2-D factors 
of safety. There are also situations such as bridge abutments, 
overpasses, and other manmade earth structures that only lend 
themselves to a 3-D analysis.

Influence of Slope Steepness and 
Unsaturated Soil Conditions

When comparing 2-D and 3-D slope stability analyses, two 
other factors should be considered: slope steepness and pore 
pressure conditions. My colleagues and I compared the results 
of 2-D and a 3-D stability analysis for a simple steep slope and 
a simple relatively flat slope. The comparisons also assumed 
hydrostatic water pressure conditions above the phreatic line 
and either took the unsaturated shear strength into account or 
else neglected the negative pore water pressures.

For relatively flat slopes, the 3-D factors of safety were 
generally on the order of 4 to 9 percent higher than the 2-D 
factors of safety when negative pore water pressures were 
ignored. When the shear strength contribution from negative 
pore water pressures along with a matric suction friction 
angle of 15 degrees was considered, the 3-D factors of safety 
were 9 to 16 percent higher than the 2-D factors of safety. The 
difference between calculated factors of safety was slightly 

A 3-D factor of safety 
can often be as much as 
15 percent higher and 
occasionally up to 50 
percent higher than that 
for a 2-D analysis.
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greater, at 12 to 18 percent, for steep slopes when negative 
pore water pressures are considered. Negative pore water 
pressures generally exist in a portion of the soil profile above 
the groundwater table, and, as such, a 3-D analysis would 
appear to be most suitable, particularly in situations where a 
back-analysis is performed.

Multi-directional Analysis

One historical limitation of the limit equilibrium method 
(LEM) is the ability to analyze a slope at any particular sliding 
direction. In the past, limit equilibrium 3-D solutions have 

been restricted to only solving problems at 
a single sliding direction, which is parallel 
to the x-axis.

The reason for this restriction in software 
is that all theoretical formulations of the 
3-D limit equilibrium method presented 
in literature presume the slip direction 
is parallel to the x-axis of the coordinate 
system. This is done for the sake of 
convenience, as the theoretical formulations 
in 3-D for any arbitrary direction become 
complicated. However, more and more 
geotechnical engineers are building models 
in 3-D coordinate systems and subsequently 
are interested in analyzing slips at a variety 
of directions. Therefore, a comprehensive 
research and development project was 
undertaken which aimed at extending the 
existing abilities of the limit equilibrium 

method so that any slip direction could be analyzed in a 3-D 
problem. The research program was a success and has resulted 
in the ability to analyze slips in any direction (see Lu et al., 
2013; Proceedings, 18th ISSMGE, pp. 759-761).

An example of a situation that lends itself to a multi-
directional analysis is the development of a bluff at the edge 
of a city. When structural loads are placed at the top of the 
bluff, the prominent sliding direction may not be readily 
obvious. This is the case in the example shown in Figure 2. 
In this case, a distributed load can be placed at the top of the 
slope representing the placement of a proposed building. 
Subsequently, the direction of a number of potential failure 
directions can be evaluated and the most critical failure surface 
determined. This is particularly useful where the geology 
at the site is not regular and may influence the direction of 
sliding. Therefore, this greatly simplifies the analysis of setback 
distances and potential volumes of slides that may happen on 
a bluff overlooking a city.

The Path Forward

It is important to learn more about the theoretical and 
analytical relationship between 2-D and 3-D slope stability 
analyses. Geotechnical engineers must be careful about taking 
advantage of higher 3-D factors of safety when the wealth of 
practical experience has been based on 2-D analyses. At the 
same time, there are situations where a 2-D analysis is far from 
reality. Also, there are limitations associated with 3-D limit 
equilibrium analyses. It is important, for example, to take into 
consideration multiple directions of movement of the sliding 
mass. While these may not be serious limitations, further 
studies are valuable.

The increased abilities of software in this area have led 
to more advanced analyses that consider 3-D geometric, 
stratigraphic, and hydrogeologic regimes. Analyses of open 
pits (Figure 3) and complex 3-D earth structures (Figure 4) 
are now possible.

Figure 3.  SEM mining with the remaining center drifts in progress.

Figure 2.  Example of multi-directional 3-D analysis.

Figure 3.  Example of open-pit analysis using the method of 
columns in 3-D.
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Computer software is available for performing 3-D 
slope stability analyses. The software has been tested on 
the commercial market, and its usage has become more 
commonplace in recent years. In addition to 3-D limit 
equilibrium methods of columns analysis, the shear strength 
reduction (SSR) method has also been solved for 3-D 
analyses (Xu et al., 2014). The SSR method makes use of a 
pure finite element stress/deformation analysis in which 
the strength parameters are reduced until a plastic slope 
failure is achieved. A typical 3-D shear strength reduction 
analysis, illustrating the reduction in shear strength with 
displacement, is provided in Figure 5. In general, the 
geotechnical engineering practice is experiencing a paradigm 
shift to encompass more advanced analysis methods. The 
industry must adopt these new analysis methods over the 
next few years to advance an ever-refining state of practice.
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Figure 4.  Example of slope 
stability analysis of a 3-D earth 
dam with complex geometry.

Figure 5.  Slope stability by the shear strength reduction 
(SSR) method in 3-D.

Geotechnical engineers must be careful about taking 
advantage of higher 3-D factors of safety when the wealth of 

practical experience has been based on 2-D analyses.
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P roject Owners, especially in the public sector, are 
exploring and utilizing alternative project delivery 
methods, such as design-build (D-B) and public-
private partnerships (P3s). Some of these projects 

involve signifi cant subsurface work, raising the issue of how to 
allocate subsurface conditions risk. In the quest to eliminate or 
substantially reduce cost overrun exposure for all design and 
construction risks and to achieve cost certainty or guaranteed 
maximum price at contract formation, many public-sector 
Owners are adopting the unfortunate practice of allocating 
virtually all subsurface condition risk to private-sector project 
participants, including D-Bs, Concessionaires, and others. 
The concept of fair and balanced subsurface condition risk 
allocation applies, albeit in a modifi ed approach, in the 
context of these alternative delivery approaches and should be 
adopted by Project Owners.

Subsurface Projects and Delivery Methods

For most of the last century, the design-bid-build (D-B-B) 
delivery method has been the predominant approach for 

delivery of most heavy civil infrastructure projects, including 
those entailing signifi cant subsurface work, such as tunnels. 
D-B-B involves separate contractual relationships between the 
Project Owner, the Consulting Engineer, and the Constructor. 
Typically, the design phase precedes and is completed 
independently of the planning and implementation of 
the construction work. This bifurcation in the timely and 
functional interaction in roles and responsibilities between 
designers and constructors has proven especially problematic 
for subsurface projects in which both the design and 
construction means and methods are highly dependent upon 
the anticipated and actual ground conditions. 

Both D-B and P3s provide an opportunity to improve 
the interaction, collaboration, and integration of the design 
and construction planning and processes on subsurface 
projects. By doing so, it is possible to reduce confl icts and 
disputes resulting from the traditional separation of design 
and construction functions and responsibilities. In D-B, a 
prime entity, the Design-Builder, is engaged by the Project 
Owner to both design and construct the project. In general, 

Design-Build and
Public-Private Partnerships:
Risk Allocation of Subsurface Conditions 
By David J. Hatem, Esq. 
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a P3 involves a Development Agreement between a Public 
Owner and a Private Sector Concessionaire. Under the 
Development Agreement, the Concessionaire is responsible 
for fi nancing, designing, and constructing the project, and 
typically for operating and maintaining the completed project 
for a prescribed concession period (often multi-decades 
in duration). The Concessionaire typically enters into an 
agreement – the Design-Build Agreement – with a Design-
Builder to design and construct the project. Thus, virtually all 
P3s have embedded within their structure the D-B approach.

D-B and P3s provide the opportunity to transfer substantial 
risk associated with the design and construction processes 
from the Project Owner to other project participants, especially 
the Design-Builder in D-B, and the Concessionaire and Design-
Builder in P3s. These risks generally include the consequences 
of design and construction performance defi ciencies, as well 
as cost increases due to variations in anticipated and actually 
encountered subsurface conditions.

Both D-B and P3s have gained substantial popularity at 
the federal, state, and local levels, as the public sector seeks to 
contain cost overrun exposure and obtain private capital to 
fi nance infrastructure, tunnels, and other projects. Cost and 
schedule overruns due to unanticipated subsurface conditions 
represent a substantial concern for public owners (and 
fi nanciers in P3s), and the attraction of “buying out” those 
concerns through risk allocation terms is paramount to them. 
For this reason, an increasing number of projects involving 
tunneling and other signifi cant subsurface work are being 
delivered utilizing these alternate delivery methods.

Subsurface Conditions Risk Allocation

Project Owners have a signifi cant number of potential and 
optional approaches to address risk allocation for subsurface 
conditions in D-B and P3 projects. The same sound and 
fundamental principles of fairness and balance in risk allocation 
that have been successful in D-B-B subsurface projects should 
be applied and adopted in the D-B and P3 context. These 

Both design-build and public-private 
partnerships provide an opportunity 
to improve the interaction, 
collaboration, and integration of the 
design and construction planning and 
processes on subsurface projects. 
By doing so, it is possible to reduce 
confl icts and disputes resulting from 
the traditional separation of design 
and construction functions and 
responsibilities.



principles, which translate into a number of beneficial practices 
that seem to work for Project Owners, include:

• Commissioning an adequate subsurface investigation 
program.

• Disclosing available subsurface data and reports to 
relevant project participants involved (or likely to become 
involved) in the design and construction processes.

• Limiting the use of disclaimers regarding data or other 
furnished information. 

• Utilizing Geotechnical Baseline Reports (GBRs) to ob-
jectively define anticipated subsurface conditions and assist in 
contractual risk allocation.

• Including a differing site conditions clause in contract 
documents, thereby providing the potential for an equitable 
adjustment in time and/or money in the event that encountered 
subsurface conditions materially differ from those defined in the 
GBR and/or otherwise indicated in the Contract Documents.

However, in D-B and P3 projects involving substantial 
subsurface work, some Public Owners are departing from these 
salutary risk allocation practices and the principles of fairness 
and balance in risk allocation. This approach, to a degree, 
may be justified on the notion that it is consistent with the 
primary, if not exclusive, responsibility of the private-sector 
participants (i.e., the Design-Builder and the Concessionaire) 
for both design and construction as well as the appropriateness 
of the design and construction methods relative to anticipated 
ground conditions. That said, principles of risk sharing, 
including the utilization of differing site conditions clauses 
and GBRs, should be implemented in the D-B and P3 contexts, 
albeit in a modified approach.

Ignoring the principles of fairness and balance in subsurface 
conditions risk allocation in D-B and P3 projects will lead 
to the same heightened level of disputes and performance 
failures and default as has been experienced in D-B-B projects 
that have not adopted and implemented those principles. The 
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latter experience amply demonstrates that unfair and unclear 
risk allocation for subsurface conditions results in “extra-
contractual” claims by the Contractor against both the Project 
Owner (e.g., for fraud, misrepresentation, or non-disclosed 
“superior knowledge”) and the Consulting Engineer (e.g., for 
professional negligence or negligent misrepresentation). Put 
another way, if the contract does not fairly allocate risk, the 
reality is that the Contractor may sense that it has no alternative 
but to pursue such “extra-contractual” remedies.

The key point to emphasize here is that many of the risk 
allocation principles that apply in traditional project delivery 
have important and continued vitality and application in 
the context of D-B and P3 projects. However, traditional 
experience and knowledge regarding subsurface conditions risk 
allocation must be adjusted to take into account the different 
roles and responsibilities of project participants and the risk 
allocation regime that prevails in D-B and P3 settings. It 

should be expected that, for D-B and P3 projects, the Design-
Builder will undertake relatively greater risk for variations in 
subsurface conditions. This is a direct result of his role in:

• defining the scope of and performing subsurface investi-
gations;

• evaluating the resulting data;
• developing design and construction approaches suitable 

for the anticipated subsurface conditions; and
• having single-point, combined responsibility for both 

design and construction

Put another way, subsurface conditions may be impacted 
by design and construction approaches, and with D-B and 
P3 projects, those approaches typically fall within the scope, 
responsibility, and discretion of the Design-Builder. As such, 
it is not unreasonable for the Public Owner to have a greater 
expectation of risk transfer, relative to subsurface conditions, 
to the Design-Builder. Notwithstanding those factors however, 
subsurface conditions risk should be shared in a sensible 
manner based upon project-specific risk assessments.

Looking Ahead

Both D-B and P3s are at a formative state in terms of 
contracting practices for subsurface projects. Presently, there 
are a number of major subsurface projects in progress that 
are D-B and P3 in nature. In addition, it is anticipated that 
over the next decade a number of other such projects will be 
initiated and in various stages of the design and construction 
processes. Now is the time for the underground design and 
construction industry to collaboratively develop risk allocation 
practices for subsurface conditions that are adaptive to the 
increased design and construction risk assumption by the 
private sector in the D-B and P3 delivery approaches. To ignore 
the unfortunate, aggressive, and unbalanced risk allocation 
trends adopted by some Public Owners in D-B and P3s will 
inevitably lead to problems, disputes, and defaults, as well as 
other project failures that otherwise may be avoidable.

While risk allocation practices for subsurface conditions on 
D-B and P-3 projects are being developed, geotechnical and 
other Consulting Engineers should adopt the following risk 
management practices:

• Prudent review of prime contract documents and other 
materials that may be “flowed down” and incorporated into 
the Consulting Engineer’s contractual obligations.

If the contract does not fairly allocate 
risk, the reality is that the Contractor 
may sense that it has no alternative 
but to pursue such as “extra-
contractual” remedies.
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• Appreciation of the significant risk consequences associ-
ated with unfair risk allocation between the Public Owner and 
the Concessionaire and/or Design-Builder.

• Consideration of limitation of liability provisions.
• Inclusion of appropriate qualifications, disclaimers, and 

limitations in reports and other work products.
• Recommending the procurement of project-specific, 

professional liability insurance coverage.

David J. Hatem is a partner in the law firm of Donovan Hatem LLP and leads the firm’s Professional Practices Group. He is an expert in law 
relating to the design and construction industry and frequently lectures on issues of professional liability and risk management. He has written 
numerous articles and has authored and edited books including Public-Private Partnerships: Opportunities and Risks for Consulting Engineers. 
He can be reached at dhatem@donovanhatem.com
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Now is the time for the underground 
design and construction industry 
to collaboratively develop risk 
allocation practices for subsurface 
conditions that are adaptive to the 
increased design and construction 
risk assumption by the private sector 
in the design-build and public-private 
partnerships delivery approaches.
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I authored the paper “Communicating and Manag-
ing Risk in Geotechnical Engineering Practice” 
for the Geo-Institute GeoRisk 2011 conference. 
In modifying the paper for Geo-Strata, I dropped 

the word “managing” from the title because, to effec-
tively manage risk, you must effectively communicate 
risk and uncertainty. In fact, dealing with uncertainty 
and communicating uncertainty and risk to clients are 
fundamental to the business success of a geotechnical 
engineering consultant.

The practice of geotechnical engineering is said to be as 
much art as science. Art is the aesthetic, the emotional — 
that which is unquantifiable. Science is the creation of 
rational principles through the formulation and testing 
of hypotheses based on observational evidence, whereas 
engineering is the application of rational principles to 
solve practical problems. The art in geotechnical engi-
neering is the gestalt created by the fusion of known and 
unknown, which leads to uncertainty.

To the extent that they affect the outcome of a 
project, sources and descriptions of these uncertainties 
should be incorporated into the geotechnical engineer-
ing report. The report should be crafted to fit both the 
project and the owner. Providing solutions is a key to 
adding value for our clients, so the report should not 
only identify problems, but should also recommend 

solutions. The geotechnical project report might be 
thought of as the masterwork, the Mona Lisa. Yet a suc-
cessful geotechnical engineering practice requires more 
than simply submitting excellent reports. Other means 
and methods of communicating are also important.

Communication Framework

A four-step framework can be used to communicate 
risk and uncertainty to the owner:

1. Identify the uncertainty.
2. Evaluate the risks associated with the uncertainty.
3. Communicate the risk and the uncertainty.
4. Recommend a solution.

Perhaps the best way to illustrate this framework is 
by example. Three project situations commonly encoun-
tered in the southeastern U.S. include:

• Sinkhole occurrence
• Deep foundation construction in karst terrain
• Mechanically stabilized earth (MSE) retaining wall 

design and construction

The three project situations provide brief vignettes, 
with specific emphasis on an element of uncertainty 
or risk unique to each. The technical issues inherent in 

Communicating Risk 
in Geotechnical 

Engineering Practice
By Jessee A. Scarborough, PE, D.GE, M.ASCE

The art in geotechnical engineering is the gestalt created by the fusion of 
known and unknown, which leads to uncertainty.
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each are very broad and are not within the scope of this article. 
The examples focus on the need to clearly communicate risk 
and uncertainty for geotechnical projects.

Case 1 – Sinkhole Occurrence

A park was constructed near downtown Birmingham, AL 
between 2009 and 2010.  Its design included lakes as scenic 
water features. To reduce operational costs, the original plan 
called for pumping from the subsurface to maintain the 
specified water levels in the lakes. The original geotechnical 
consultant recommended using a bentonite-based clay liner 
to reduce leakage. As shown in Figure 1, upon the first filling 
of the lakes, a series of sinkholes developed in one. When the 
sinkholes opened, the subsurface pumps became blocked with 
mud, which clearly suggested a link between the pumping and 
the sinkhole formation.

Sinkholes are hydro-geologic features that form due to 
erosion of soil above karst rock. Karst rock is soluble in water, 
such as the limestone/dolomite underlying the park site. The 
solutioning of karstic rock typically occurs over geologic time. 
The process leads to the creation of voids, usually in open 
joints and bedding in the rock, which permit the flow of water. 
In a much narrower time-frame, the flowing water erodes the 
soils overlying the karstic rock until enough erosion develops 
at a specific location to result in a sinkhole. Sinkholes are often 
expressed as a drop-out at the ground surface and can result 
from activities such as pumping from the subsurface.

The sinkholes were repaired by placing concrete plugs at 
the soil-rock interface, replacing and thickening the lake’s clay 
liner, and modifying the subsurface pumping operations. To 
date, the repairs have been successful.

Using the four-step communication framework, the steps 
could include:

• Step 1 – Identify uncertainty: The karst geologic setting was 
known to be susceptible to sinkholes.

 •  Step 2 – Evaluate risk(s): The original as-
sessment of the site identified sinkholes as a 
risk, but did not connect the pumping opera-
tions with increased risk of sinkhole occurrence.
 •  Step 3 – Communicate: Talk to your client. 
Additional discussion about the site and the 
proposed operations plan might well have 
connected the dots between pumping of the 
ground water and sinkholes.
 •  Step 4 – Recommend: Make specific recom-
mendations targeting the client’s needs and the 
risks on the project. For example, significantly 
increasing the depth of the well’s recovery, as 
was ultimately the case, would have reduced 
the initial risk of sinkhole formation.

Much of the interaction with the client on 
the lake project was informal over a period of 
months. Specific project documents included 
a cost proposal and a summary report. Yet, 
project communications were not limited 

to formal submitted documents. The report summarized 
activities and documented actions, but the bulk of the work 
was performed outside submission of the formal report. Use 
these interactions as opportunities for building a relationship 
with the client.

Case 2 – Construction of Drilled Shafts

Figure 2 shows an example of a drilled shaft construction 
site. During the 1960-70s, drilled shaft foundations acquired 
a poor reputation in central Alabama. Cost/pricing issues and 
construction difficulties (i.e., change orders) contributed to 
these problems. In the late 1970s, local contractors, architects, 
and engineers worked together to develop what became known 
as the Birmingham Limestone Specification, which incorporates 
provisions similar to current ADSC/DFI documents. These 
specifications allow drilled shafts to be fairly bid and built and 
established the basis for payments to the contractor.

Engineers, architects, and construction managers who 
are inexperienced with drilled shaft construction or with 
conditions in karst rock can contribute to poor project 
performance by using inadequate construction specifications. 
Take, for example, a 2009 project near Birmingham. Based 
on auger refusal, drilled shaft-bearing grades were specified 
and bid in the project plans, but the pinnacled nature of the 
bedrock and the likelihood of weathered seams in the rock 
were not taken into account. A unit price for rock excavation 
was required, but did not affect the contractor’s base bid for 
the drilled shaft construction.

The contract was let with a $600,000 budget for drilled 
shaft construction, creating an expectation that rock excavation 
would not affect the cost. Work began, and the construction 
manager allowed work to proceed as rock excavation costs 
mounted. The foundation contractor submitted change orders 
that brought the foundation cost to more than $5 million. 
A reasonable fee based on a well-crafted specification, and 

Figure 1.  Sinkholes in the bottom of the drained lake.
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requirements for time and materials, likely would have created 
a foundation budget around $2 million — and probably 
without significant cost overruns.

Let’s see what should have transpired using the four-step 
communication framework:

• Step 1 – Identify uncertainty: A karst geologic setting has 
an irregular rock surface. Moreover, weathering of the rock 
results in soil-filled seams and voids in the rock.

• Step 2 – Evaluate risk(s):  Past experience has shown 
significant cost overruns can occur when constructing drilled 
shafts in a karst area. These overruns are due to the irregularly 
weathered bedrock profile.

• Step 3 – Communicate:  Project specifications should 
realistically portray construction considering actual site condi-
tions and methods of construction. Well-crafted specifications 
appropriate for the site conditions and uncertainties to be en-
countered help reduce the potential for poor cost performance.

• Step 4 – Recommend: The geotechnical engineer should 
review project specifications prior to bidding. The geotechnical 
report should recommend that this review take place. Follow-
up communication after publishing the report is essential.

Reviewing project specifications can reduce risk, and also can 
serve as an effective marketing tool. The review is a way to help 
bridge the transition from design to construction, ensuring that 
the geotechnical engineer is thought of as a part of the project 

team, not simply as a “boring” subcontractor. Cultivate ideas in 
the client’s mind: “We want this geotechnical engineer involved 
with our project; this geotechnical engineer adds value!”

Case 3 – Design and Construction 
of MSE Walls

While actual data on failure rates is not openly published, 
some types of MSE walls are well-known to experience a rate 
of failure greater than other types of structures (Figure 3). In 
ASCE GSP 140, I described the failure of two geosynthetically 
reinforced MSE walls and identified issues that contributed 
to the failures during design and construction. Among the 
issues identified were:  (1) the need to analyze global stability, 
and (2) identification of drainage and utility issues prior 
to construction. And the issues are not limited to relatively 
straight-forward technical factors like materials, or stability and 
drainage; rather, professional issues such as the design process 
used for MSE walls also contributes to their high failure rate. In 
my view, there are two design causes for this: X and Y.

Published design guidance for MSE walls constructed with 
segmental concrete blocks as a wall facing requires the project 
geotechnical engineer to take responsibility for another’s 
design. In this case, the geotechnical engineer provides a 
report describing site conditions. Then a separate wall designer 
provides the actual plans and specifications for the wall. The 
design guidance then requires the geotechnical engineer to 
perform analyses of global stability for the wall and also to 
ensure the wall design is complete. This shifting of design 
responsibility introduces confusion into the design process 
and increases the likelihood of problems. Yet, this poor design 
guidance is not the only source of uncertainty and risk.

In general, a project’s owner wants others to be responsible 
for the design, construction, and performance of the wall 
system. Often the responsibility is placed upon the general 
contractor (GC), via a note on the construction plans to supply 

Figure 2.  Drilled shaft construction site.

Cultivate ideas in the client’s mind: 
“We want this geotechnical engineer 
involved with our project; this 
geotechnical engineer adds value!”
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a wall system. The GC then solicits bids from wall suppliers. 
Wall system suppliers usually provide wall designs that avoid 
any responsibility for site conditions, via “small print” on the 
design drawings, so additional borings or analyses for external 
and global stability are not usually included. However, the GC 
is left with the impression that the wall design is complete.

In either case, separating the responsibilities for internal 
stability of the reinforcing elements from the responsibilities 
for global and external stability, as is common for some 
MSE wall designs, is not only contrary to my view of the 
accepted standard of care for a design, but also goes against an 
engineer’s duty to protect the health and welfare of the public. 
The standard of care for MSE wall design and what constitutes 
adequate design plans are areas that deserve additional study, 
discussion, and clarification.

One way to ensure that global and external stability are 
included in MSE wall design is for the walls to be constructed 
on a turn-key, design-build basis, where a qualified 
professional engineer is solely responsible for the wall design. 
To this end, the wall designer may even perform additional 
exploratory borings and laboratory testing, directly in support 
of the retaining wall design. 

Here’s another example of how the four-step 
communication framework could have been used:

• Step 1 – Identify uncertainty: Current design and construc-
tion practices (e.g., the failure to include global stability, and 
address utility and drainage issues) increase the risk of MSE 
wall failure.

• Step 2 – Evaluate risk(s): Global stability, utility, and 
drainage issues must be addressed in the MSE wall plans. 
An estimate of wall movements should also be included as 
part of the design, along with specifications to monitor wall 
performance to ensure that wall behavior meets the designer’s 
expectations.

• Step 3 – Communicate: MSE wall designers should be 
required by contract to provide a complete design, including 
internal, external, and global stability considerations. This re-
quires educated owners, design professionals, and contractors.  
Geotechnical engineers should help provide this education.

• Step 4 – Recommend: Geotechnical design reports should 
contain specific language to address design and construction 
responsibility for MSE walls. Limitations of the project report 
should be clearly stated. For example: 

The information in this report is not sufficient for, nor 
intended for, the design of segmental retaining walls or 
mechanically stabilized earth embankments. If such structures 
are considered for the project, a design/build contractor 
should be made responsible for all aspects of design, including 

determining shear strength of the various earth materials, 
bearing capacity, settlement estimates, and global stability.

Fundamentals of Communicating Risk

The art of geotechnical engineering lies in you, as you craft 
a geotechnical engineering report to fit both the project and 
the owner. Innovative solutions do not just appear; they arise 
from the mesh of known and unknown, from the communica-
tion and interactions that occur during the course of a project. 
Use clear, direct language to describe issues. Do not use “wea-
sel wording” in identifying options and making recommenda-
tions. Don’t just identify problems; recommend solutions.

It is often difficult to be diplomatic while pointing out that 
a subsurface risk was present before the geotechnical evaluation 
was performed.  Remember, the goal is to find the most accept-
able method of solving an existing problem.  In attempting to 
communicate this issue, start early.  If the potential risk was not 
already known, a phone call to the client shortly after the com-
pletion of field work would likely be in order.  When submitting 
the report, request a meeting with the owner and design team; 
begin building trust with the design team by putting a face with 
the recommendations.  Perhaps submit a draft report for review 
before submitting the final geotechnical report.

You cannot effectively manage risk if you cannot communi-
cate risk and uncertainty. Communications with clients are the 
best opportunity to show how you, as geotechnical engineer, 
add value. Dealing with uncertainty, and communicating un-
certainty and risk to clients, is fundamental to the business of a 
geotechnical engineering consultant. Don’t limit your commu-
nications with clients to simple requests for information and 
the submittal of formal project documents. Excel in the art of 
geotechnical engineering practice.

Jessee A. Scarborough, PE, D.GE, M.ASCE, is a senior geotechnical engineer with NGE, LLC in St. Albans, WV. His professional interests 
include engineering in karst terrain, slope stability, and the design and construction of reinforced soil walls and slopes. He can be reached at 
jscarborough@ngeconsulting.com
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Figure 3.  A failed MSE wall. 
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T he geotechnical engineering profession is a 
noble one. Extensive engineering education 
is blended with academic preparation in 
geology and hydrogeology to understand 

complex forces of nature that come into play in the 
subsurface. This rigorous and thorough education 
must be combined with a strong awareness and 
appreciation of empirical knowledge that is gained 
only from time in the profession. Any geotechnical 
engineer who has been around the geo-block will 
agree with the old adage that no two sites are the same; 
we must reinvent a new engineering properties manual 
for every project that we undertake.

The subsurface characterization work that a 
geotechnical engineer must perform is critical to the 
success of every project that requires the cooperation 
of the ground, regardless of whether it is a shallow 
or deep foundation system, a dam, or a groundwater 
remediation project. The cold hard fact is: If we don’t 
characterize the subsurface correctly, the project is 
headed for trouble.

The Unfortunate Surprise

Research shows that up to 85 percent of claims for 
earth-related problems can be attributed to improper 
characterization of the subsurface soil, rock, and 
groundwater. In other words, when things go awry, it 
is rarely caused by bad calculations, incorrect designs, 

or miscommunication of the information. Usually, it 
is misrepresentation of the subsurface conditions in 
some way that causes a claim.

THE BEST SURPRISE 
IS NO SURPRISE: 
The Geotechnical Engineer’s 
Ethical Responsibility to Say 
No to Bidding
By Victor Donald, PE, M.ASCE

Figure 1.  Survey Responses to the Question: “I Rarely 
Encounter Different Subsurface Conditions During 
Construction.”
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How often does misinterpretation of soil, rock, 
and groundwater conditions occur? We need to find 
out. If we could make these type of issues go away, 
our profession would be much more pleasant, much 
less litigious, and perhaps more professionally 
attractive to those who come after us.

I attempted to get an answer by surveying over 
200 geoprofessionals who consult, design, and 
build structures that require geo-characterization. 
My survey included the membership of the 
Deep Foundations Institute and the Pile Driving 
Contractors Association, in preparation for a talk 
about this subject in the fall of 2013. The answers I 
received were not too pleasing for my “geo-ego.”

The majority of these experienced professionals 
opined that subsurface conditions are expected to 
differ from what the characterization work indicated 
them to be (Figure 1). The expectation that we get it 
wrong more often than we get it right does not bode 
well for our industry. According to these respondents, 
when it appears that the subsurface has been properly 
characterized for a given situation, this “no surprise” is 
that “best surprise” that we relish.

What Are We Doing?

Beyond the numbers of “agree” and “disagree” 
responses, the written comments provided by 
respondents provoked my thinking about the real 
solution to this problem. They said that we have 
become passive in our practice, acquiescing to 
the misaligned requests to do only the minimum 
necessary at the least cost to achieve what the client 
thought they needed to perform the exploration. 
Perhaps the most representative example of all 
of these comments was: “Many times the soils 
investigation is awarded based on price only, 
resulting in unreliable interpretations, inadequate 
information, and little effort is put into previous 
uses (history) of the site.” The simple answer to this 
obvious dilemma is: Clients deserve better; they just 
don’t know it, so we must tell them just that.

The survey also asked questions related to the 
geotechnical engineer’s use of technology-based 
innovation available to investigate the subsurface, 
awareness of new and innovative foundation 
elements and/or construction methods, and use 
of technology to monitor the integrity of the 
constructed product. They opined that we avoid the 
changes such technology would initiate. The most 

iconic example of our resistance to change is the 
Standard Penetration Test. We all understand that we 
can do much more to explore all of the important 
and essential characteristics of the subsurface than 
to pound on a steel pipe with a 140-pound hammer 
falling 30 inches (more or less), just like we did 100 
years ago. But that’s the way we do it…

And Why Are We Doing It?

The responses to these questions exposed a 
similar sentiment: We are too focused on providing 
a low price for our work. It’s this mandatory quest 
to minimize the cost to do our work that leads us to 
spurn the effort required to change our processes and 
thinking in order to implement technology. Cost is 
our motivator to minimize the professional services 
that we provide the client to only those necessary to 
develop a rote report, and our excuse to use only the 
time-honored and uncontested (also archaic) ways of 
documenting the proper construction.

The survey also revealed opinions that we 
overcome a limited scope or lack of technology 
by simply overdesigning our projects. About half 
of the respondents felt that inadequate use of 
technological innovation creates projects that 
require overdesign of deep foundations (for 
example). Imagine the cost of that!

To be fair, this dismal predicament is certainly 
not the case for all work. It seems that the more 
informed a client is, the more the client relies upon 

Any geotechnical engineer 
who has been around the 
geo-block will agree with 
the old adage that no 
two sites are the same; 
we must reinvent a new 
engineering properties 
manual for every project 
that we undertake.
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the geotechnical engineer who has been selected 
for the project to define a scope of services that 
is sufficient and adequate for the project, and 
the fees of the geotechnical engineer are not an 
overriding criterion for selection.

For years, geotechnical engineers have rallied 
against the incompatibility of our profession to 
competitive bidding of our services, yet we seem 
to be making this point only to ourselves. To our 
client, our resistance to selection based solely on 
fees appears to be self-serving; the client may not 
see it our way, particularly if the owner doesn’t 
understand the risks inherent to subsurface 
characterization, or the benefits of innovative 
exploration, construction, or construction 
monitoring techniques.

The most iconic example of 
our resistance to change is 
the Standard Penetration Test. 
We all understand that we 
can do much more to explore 
all of the important and 
essential characteristics of the 
subsurface than to pound on 
a steel pipe with a 140-pound 
hammer falling 30 inches 
(more or less), just like we did 
100 years ago. But that’s the 
way we do it…
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Is it Ethical?

Do we recognize an ethical conflict that the 
competitive bidding environment poses for the 
professional engineer? Prominently displayed in the 
National Society of Professional Engineers’ Code 
of Ethics (as well as in every state’s engineering 
regulations) is the fundamental tenet that our 
profession is dedicated to the protection of the public 
health, safety, and welfare. Get it? Our ultimate ethical 
responsibility is the public. We must perform our 
important, essential, and learned profession, which 
is often misunderstood by this “public” that we serve, 
with the highest standards of honesty and integrity.

So, to address the ethics issue, I asked the survey 
respondents to state their agreement with this 
statement:

“I believe that geotechnical engineers adequately 
maintain their ethical responsibility to hold 
paramount the safety, health, and welfare of the 
public.”

This question garnered, by far, the strongest 
agreement (Figure 2). Those professionals who 
investigate the subsurface and design and build 
foundations and earth structures overwhelmingly 
agree that we are, in fact, holding paramount the 
safety, health, and welfare of the public.

However, the narrative responses showed 
significant qualification of their overwhelmingly 
positive response. The qualification was focused on 
the question of whether our ethics bind us to protect 
the economic interest of our client and the public.

As professional engineers, we are committed — 
in fact, bound — to maintain ultimate ethical 
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responsibility.  So if one considers our ethical 
responsibility to “conduct (ourselves) honorably, 
responsibly, ethically, and lawfully so as to enhance 
the honor, reputation, and usefulness of the 
profession” as NSPE’s Fundamental Canon No. 6 
states, we are bound to protect the economic interest 
of our client and the public.  This is fundamentally 
what enhances the usefulness of our profession.

Ethics and the Low Bid

But what does this have to do with submitting a 
competitive fee for the next project, knowing full well 
that the lowest price wins?

Let’s unpack that one, and see what we can 
discover. To start with, what are the essential 
requirements of proposing the lowest fee for a 
particular project? It takes one, or a combination of 
the following:

• An engineer or firm that is willing to collect a 
lower wage for services

• An engineer or firm that does not pay adequate 
attention to the quality of work

• A scope of services that is less than that offered 
by other bidders.

Of course, a more efficient engineer/firm could 
render a lower fee for its work product, but, at the 

end of the day, efficiency is something that we all 
must aspire to achieve. Also, perhaps there are 
engineers out there who are fulfilling their ethical 
responsibility to the public as a charity of sorts, 
willing to collect wages that are below the average, 
or to under-compensate their staff to provide quality 
work at lower fees. But that is certainly outside of the 
norm. We live in a capitalist country, and we pretty 
much all desire the wages that the market will allow. 
So, with these common denominators out of the way, 
we are down to either sacrificing the quality of our 
work or the scope of our investigation and analysis in 
order to develop the low bid. Both of these choices 
are certainly not in the best interest of the owner, 
or the public, and they are certainly not in the best 
interest of the geotechnical engineer.

What happens in this environment? Let’s look 
at a few examples. The “successful bidder” is a 
perfectly qualified and capable professional engineer, 
but, succumbing to the pressure to limit our scope 
of services to gain the project, he or she conducts 
an investigation that is insufficient to properly 
characterize the site. This could be an insufficient 
number of soil borings or laboratory tests, or the 
shunning of the use of a more technologically 
superior characterization method on the project to 
stay within the tight budget. The work is done, the 
limited information becomes available, but then, 
in construction, the soil conditions differ from the 
expected. If only more, or better, testing had been 
performed. In this case, the owner is becoming one 
of those more educated owners that will not seek the 

For years, geotechnical 
engineers have rallied 
against the incompatibility 
of our profession to 
competitive bidding of our 
services, yet we seem to 
be making this point only 
to ourselves.

Figure 2.  Survey Responses to the Question: 
“Are We Ethical?”
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path of low bid again, but the tuition for that lesson 
was high for all involved.

Now consider the geotechnical engineer who 
is performing a scope of services that is adequate, 
but he or she just does not adhere to the quality 
standards that are expected of a geotechnical 
engineer. This often happens when scopes are 
carefully developed by capable professionals for 
purposes of bidding. In other words, when the 
work scope is the same for all bidders, the lowest 
quality bidder tends to win the project. The 
insufficient quality may not rear its ugly head on 
this project, and maybe not even the next. But it is 
inevitable that erroneous or questionable testing 
methods, data evaluation procedures, calculation, 
or reporting processes will result in a problem. The 
implementation of the proper quality processes 
includes a cost that must be borne by the client, and 
when a firm consistently refrains from asking the 
client to pay that bill, the results will be unfortunate.

One can envision many iterations of these 
examples where one or a combination of the two 
inadequacies creates an undesirable surprise for the 
project at hand. And, in fact, the real surprise may 
never be discovered: overdesign of foundations and 
related construction costs that are many times in 
excess of those that would have been necessary with 
the proper work scope and professional involvement.

As One Domino Falls…

Moving beyond the project, consider a more 
insidious effect: the degradation of the geoprofession 
itself. It is not uncommon to hear of the geotechnical 
engineer who will not accept the inevitable task of 
winning work as a low bidder. This geotechnical 
engineer migrates away from this segment of work. 
The migration may be that of a geotechnical engineer 
moving to clients that procure their geotechnical 
services in a more acceptable manner. Or, it could 
involve the retirement of a disillusioned senior 
professional, who has been replaced, in the life cycle, 
by a young professional who never knew of a way 

to be retained for services other than by providing 
the lowest fee for the project. That is, unfortunately, 
the devolution of our profession in this low-bid 
environment: Survival of the Weakest?

So, Not Just “No” But…

The public is not being adequately served in this 
situation. If we are to hold paramount the welfare of 
the public (including economic welfare), should we 
simply respond to low-bid requests by saying “no”? 
That alone will not serve the public interest. We must 
tell our client that we are ethically bound to develop 
a proper work scope that is uninhibited by the notion 
of low-price bidding of even well-qualified firms as 
the basis for selection. We must make the extra effort 
to educate the otherwise uninformed clients that the 
value of the geotechnical engineer’s work is not at all 
confined to the fees charged to perform the project. 
Instead, our work provides value in terms of time and 
cost saving.

If we can stand together and inform our clients 
why they deserve better than the low-price bid, they 
will become educated in a school where the tuition is 
more palatable, and the experience is more pleasant. 
As we gain their respect and confidence, they will 
begin to understand that the “best surprise is no 
surprise at all.”

We must make the extra 
effort to educate the 
otherwise uninformed 
clients that the value of the 
geotechnical engineer’s 
work is not at all confined to 
the fees charged to perform 
the project.
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W ith this sixth and final article in my 
“Business of Geotechnics” series, I 
undertake the risky task of offering my 
thoughts on the direction of the U.S. 

geoengineering business sector over the next 10 to 20 
years. I thought it would also be interesting to provide 
some historical context for these prognostications by 
saying a few words about the origins of the business sector 
and reminding readers of an earlier prognostication effort 
conducted by the Association of Soil and Foundation 
Engineers (ASFE) about 25 years ago.

Historical Perspective

As described by Elio D’Appolonia in his 1983 ASFE 
Leopold Hirschfeldt and James Robert Davis Memorial 
Lecture, the private-sector practice of geoengineering 
emerged in the late 1930s, a time when the field of soil 
mechanics and foundation engineering was first gaining 
traction in the U.S. At first, some engineers and many 
contractors expressed skepticism about its value. However, 
it gained acceptance as an important engineering 
discipline as reflected in the establishment of teaching 
and research programs in soil mechanics and foundation 
engineering at a number of universities; the acceptance 
and adoption of the discipline by the U.S. Army Corps 
of Engineers, U.S. Bureau of Reclamation, and other 
federal, state, and municipal agencies; and the founding 
of private-sector firms practicing in the discipline. Table 
1 provides a representative listing of some of the notable 
firms that were early participants in the practice.

If we consider the late 1930s as the launch date, the 
private-sector practice of geoengineering today is about 

75 years old. I discuss the evolution of the business 
sector over that timeframe in my GSP No. 226 paper 
on the business of geotechnics and conclude by saying 
that after 75 years, geoengineering practice has never been 
more complex, interesting, and diverse. Geoengineering 
practitioners today are involved in virtually every type of 
infrastructure, industrial, and commercial development. 
As projects continue to become larger and more complex, 
and as performance tolerances become increasingly 
stringent, opportunities will increase for geoengineering 
practitioners to use the tools and technologies that have 
been developed and to stretch the state of practice. At 
the same time, private-sector geoengineering business has 
become ever more complex and challenging. Today’s 
geoengineering businesses operate in a dynamic 
marketplace that presents continual competitive, financial, 
personnel, and risk management challenges.

Future View from 25 Years Ago

In 1988, the ASFE Council of Fellows convened 
a meeting on “Future Directions in Geotechnical 
Engineering.” As reported by Harl Aldrich, the participants 
in the meeting developed 14 principal predictions related 
to the future of geotechnical engineering practice and 
business. Ten of those (the ones most relevant to the 
business of geotechnics) are presented in Table 2. The 
predictions were prescient, in my opinion; to one degree 
or another, every prediction has come true. It’s interesting 
to compare this set of predictions from roughly 25 
years ago with the state of the profession today and my 
prognostications below.

What the Future 
Holds for 
Geoengineering
Firms and Their 
People
By Rudolph Bonaparte, PhD, PE, D.GE, NAE, M.ASCE
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Firm
Founding 
Metro Location

Year Founded

Mueser Rutledge New York, NY 1910

Dames & Moore Los Angeles, CA 1938

Tippetts-Abbett-McCarthy-Stratton New York, NY 1942

Law Engineering Atlanta, GA 1946

Soil Testing Services Chicago, IL 1948

Woodward-Clyde Oakland, CA 1950

Leroy Crandall Los Angeles, CA 1954

Shannon & Wilson Seattle, WA 1954

Greer & McClelland Houston, TX 1955

D’Appolonia Associates Pittsburgh, PA 1956

Jacobs Associates San Francisco, CA 1956

Haley & Aldrich Boston, MA 1957

Harding Associates San Francisco, CA 1959

Ardaman & Associates Orlando, FL 1959

Golder Associates Toronto, Canada 1960

Kleinfelder San Francisco, CA 1961

Soil & Material Engineers Detroit, MI 1964

Goldberg Zoino & Associates Boston, MA 1964

NTH Consultants Detroit, MI 1968

GEI Consultants Boston, MA 1970

Langan New York, NY 1970

Earth Tech Los Angeles, CA 1970

Table 1.  Representative listing of private-sector firms that were early participants in the practice of soil mechanics 
and foundation engineering. 

Future Demand for Geoengineering 
Services Will Be Strong

Notwithstanding the economic and unemployment 
challenges facing the U.S. and many other countries, 
society’s critical needs will continue to generate large, 
complex projects requiring substantial geoengineering 
input. This will create continuing career opportunities for 

geoengineers on projects involving commercial/residential 
development; transportation; wastewater treatment; water 
supply and flood control; oil, gas, and mining exploration, 
production, and delivery; electrical energy generation 
(including renewables) and transmission; natural hazard 
assessment and mitigation; environmental protection and 
remediation; and industrial capacity expansion.

As just one measure of current societal needs, the 2013 
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1. There will always be a market for individual consultants and small firms having widely recognized expertise in 
specialized technical areas and emerging technologies.

2. Although the practice is mature, classical geotechnical engineering will continue to be practiced. Thus, 
there will be a need for small- to mid-sized firms, experienced in local areas to do drilling, materials testing, 
geotechnical engineering, and construction observation for new projects. The potential for growth is limited 
and competition among firms will be intense.

3. During the 1990s, the environmental geotechnology practice will continue to grow at a faster rate than 
classical geotechnical engineering. The scope of services will broaden and there will be more work outside of 
the United States.

4. Environmental practice is inseparable from the geotechnical practice. Most firms will need at least some 
capability in the environmental sciences to deal with contaminated sites. Health and safety programs and 
training will become mandatory.

5. The practices of many mid-sized to large firms will continue to grow and become broader in scope. Projects will 
become more complex and clients will be even more sophisticated, requiring a greater range of technical skills 
and more emphasis on project management. The practice will require greater consideration and understanding 
of social, economic, regulatory and political factors.

6. The practice will be motivated more by business principles. More firms will become business oriented 
professional service firms rather than professionally oriented businesses.

7. Turnkey work will increase in the private sector, with design-build firms and consortiums providing integrated 
services for both design and construction. Construction financing also may be offered. In the environmental 
area in particular, clients will want one consultant/construction team to solve their problem. Turnkey work will 
provide more opportunity for innovation in design and construction.

8. Mergers and acquisitions of US firms by foreign firms will continue as international competition heats up. In 
turn, major US firms will buy into foreign firms to enter markets outside of the US. To compete, US firms must 
be innovative, technically and financially. US firms must stress quality.

9. There will be a healthy move away from litigation to alternate methods of dispute resolution. Greater emphasis 
will be placed on productivity and efficiency in our practice to remain competitive. Improved productivity will involve 
increased use of expert systems, sophisticated geographic information systems, and computer-aided engineering. 
Firms are more likely to patent their technology.

10. Greater emphasis will be placed on training programs for new employees, career-long education, and 
professional development. There will be more women, minorities, and foreign-born engineers in the practice.

Table 2.  Principal predictions from the 1988 meeting of the ASFE Council of Fellows on the future of geotechnical 
engineering. 

ASCE Report Card for America’s Infrastructure had an 
overall grade of D+. ASCE estimates that to bring the 
country’s infrastructure to an acceptable level by 2020, a 
total investment of $3.6 trillion is needed. While only a 
portion of this investment will be made, a tremendous 
amount of infrastructure construction and rehabilitation 
will nonetheless take place in this country in coming 
years, and geoengineers will have a significant role to play.

In addition, as the certainty of global warming becomes 
more politically accepted, and the related impacts to 

climate, weather, sea level, natural systems, and social 
systems better defined, funding for mitigation measures 
will increase. Geoengineers will become integral to the 
development and implementation of these measures to 
protect and adapt virtually all forms of civil infrastructure.

Over the past 25 years, no area of the geoprofession 
has grown more quickly than geoenvironmental 
engineering for projects involving contaminated site 
investigation and cleanup, water quality protection, 
and solid waste landfills. I see growth in these market 
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areas slowing, although the level of technical innovation 
remains high. At the same time, other areas of practice 
will experience more substantial rates of growth, coupled 
with continuing, robust, technical innovation. These areas 
will include geotechnical services related to upstream 
oil and gas, offshore and onshore energy, the urban 
underground, and protection against flooding along both 
coastlines and inland waterways.

Beyond America’s shores, much of the rest of the 
world, particularly developing nations, has infrastructure 
deficiencies and needs even more acute than our own. 
Couple these needs with the continuing trend of 
increasing population urbanization, the rise of mega-
cities, and the increasing use of urban underground space, 
and one can see that the need for geoengineering services 
around the globe will be high. However, to work globally, 
U.S. firms will need to become proficient in the cultural, 
ethical, legal, safety, risk, and professional environment 
of the countries in which they work. They will need a 
work force willing to relocate to international locations, 
and they will need to recruit local staff in those countries. 
Exciting opportunities are available, but it takes significant 
commitment and substantial investments to be successful 
on the international stage.

Technology Advancements Will Continue 
at Fast Pace

Geoengineering technology advancements, some 
transformative, will continue to occur across virtually 
all areas of the practice. These include technologies 
related to geostructural sensors and smart-technology 
sensing systems; geophysical investigations; remote 
sensing; cloud-based, real-time, control systems; 
cyberinfrastructure; and biogeoengineering. The 
development of innovative geoengineering materials (e.g., 
geosynthetics, biocements) and systems (e.g., MSE walls 
and slopes, geoenvironmental remediation technologies, 
sea floor anchors) will continue at a rapid pace. The 
application of sustainability principles to geoengineering 
design and construction will increase.

Increasingly, we will see geoengineering firms at 
all scales incorporate differentiated technologies into 
their business models as a means to build their value 
proposition and distinguish themselves from competitors. 
Given the high degree of specialization associated with 
the technologies (whether software, product, equipment, 
system, or construction methodology) and the cost of 
their development, intellectual property protection (e.g., 
patents, trademarks) will become increasingly common 
and necessary. Collaboration between geoengineering 
practitioners and university programs will increase, driven 
both by the desire of firms to innovate and differentiate, 
and the need for university faculty to find new sources of 
research ideas and funding.

Consistent with the foregoing point, the 
geoengineering profession will continue to be more and 
more specialized, creating both opportunities and issues 
for practicing geoengineers. Opportunities will arise for 
those geoengineers who develop recognized expertise 
in “in demand” specialty areas. At the same time, it will 
become increasingly difficult for these specialists to 
keep up with developments outside of their specialty. 
It will also be increasingly difficult for all practicing 
geoengineers to keep up with the rapid pace of technology 
advancements across the discipline.

In addition to the need to incorporate new 
geotechnology into the firm’s practice, geoengineering 
firm leaders will face the continuing challenge of 
integrating other types of new technology into their 
businesses, from using social media tools for recruiting, 
to 3-D visualization tools for presenting data and 
concepts, to cloud-based information storage and transfer 
capabilities. As we collect more and more real-time 
data, with more and more types of monitoring, remote 
sensing, early warning, and other instrumentation using 
smart phones, tablets, and cloud-based networks, we will 
need better and better data processing and visualization 
tools to keep up with the mountains of generated data. 
Good data that is well-managed and interpreted in a 
timely manner can help detect and mitigate problems 
before they occur. Data not managed creates its own set 
of risks and potential liabilities. I can only guess at what 
new technologies will be affecting our business, modes 
of communications, and other facets of our operations a 
decade from now.

Very Large Firms Are Here to Stay — Just 
Not Very Large Geoengineering Firms

Very large full-service engineering firms (the “mega-
firms”) are here to stay, but I do not see geoengineering 
firms ever again being counted among the largest firms 
in the engineering and construction (E&C) industry. 
As described in my second article, “Categories and 
Characteristics of E&C Firms Employing Geoengineers,” 
Geo-Strata, November/December 2013, in 1975, seven of 
the 100 largest E&C firms in the U.S. self-categorized as 
“soils engineers” in the Engineering News-Record’s (ENR) 
Top Design Firms list. Today, only one of the 100 largest 
firms self-categorizes similarly. In the future, the largest 
E&C firms will have geoengineering staff and perhaps 
entire geoengineering divisions, but they won’t see 
themselves as geoengineering firms. They will be highly-
matrixed, multi-disciplinary organizations designed to 
compete for and deliver the very largest, most complex 
projects and programs.

The continuation of current market trends will result 
in the continuing growth and market dominance (in 
terms of revenue) of the very largest firms. Much of the 
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need that these firms have for grey-hair geoengineering 
capabilities (and, in some cases, technical-specialist 
capabilities) will be satisfied in-house, a trend that is 
well under way (see my second article). However, these 
geoengineers will represent only a small percentage of the 
mega-firm’s workforce. Geoengineering subcontracting 
opportunities with these firms will exist for technical 
specialists whose capabilities are found in-house and for 
firms providing field and laboratory services.

What about Firms Other Than the Very 
Largest Ones?

Firms other than the very largest that desire to compete 
for the biggest, most complex projects will pursue 
aggressive growth and acquisition strategies to reach 
their goals. This will be one factor that continues to drive 
merger and acquisition (M&A) activity in the E&C business 
sector. M&A will continuously reshape the geoengineering 
landscape, as it has for the past 40 years (see Table 3). As 
the largest firms continue to grow, more opportunities will 
be created for the next tier of firms (in terms of revenue) 
to serve as the prime on the next tier of projects (in terms 
of size and complexity). This will provide opportunities 
for large and medium multi-disciplinary firms to continue 
to grow and evolve. However, these firms will need to 
develop a broad array of multidisciplinary technical and 
management competencies to be successful on these larger, 
more complex projects.

Geoengineering firms that by definition do not have 
the multi-disciplinary capabilities to prime large, complex 
projects will need to develop subcontracting strategies 
attractive to the very large firms that do serve as prime. 
Participation could include offering services that must be 
subcontracted by the prime (e.g., drilling and sampling, in-
situ testing, laboratory testing, structural integrity testing, 
foundation load testing, and construction material testing), 
helping the prime satisfy certified business subcontracting 
goals (e.g., small business), or providing specialized (again, 
subcontracted) geotechnical expertise.

As design issues on major projects continue to become 
more complex and performance assurance and project risk 
management more critical, owners, regulatory agencies, 
and the very large multi-disciplinary firms themselves 
will increasingly turn to specialized geotechnical experts 
to analyze, evaluate, test, and monitor their projects. 
Firms that incorporate this specialized expertise into 
their business model will have a significant positive 
differentiator when competing for assignments where 
high-level expertise is needed. Using the parlance from my 
second article, this strategy involves building a “brains-
based” firm, or a “grey-hair” or procedures-based firm 
with discrete, embedded, brains-based practices. We will 
continue to see the proliferation of small firms and sole 
proprietorships offering specialist services.

The trend will continue for more geotechnical work 
to be let using design/build procurement. Increasingly, 
geoengineering firms will partner with both geotechnical 
specialty contractors and heavy civil contractors. Those 
firms that learn to pick their construction partners well and 
work effectively with them will create significant business 
opportunities for themselves. Firms that can innovate to 
provide their construction partner with technically sound, 
value-engineering proposals will gain an advantage.

The market for procedures-focused geoengineering 
firms, such as those focused on subsurface drilling, 
laboratory testing, construction materials testing 
and observations, and routine geoenvironmental 
and environmental services, will continue to be very 
competitive , but hampered by pricing pressure. 
Government-certified businesses will have a clear 
advantage for government procurements requiring that 
a portion of the work be done by such firms. Successful 
firms in this category will look to become more efficient 
to obtain competitive advantage. Others may try to 
develop specialized or unique services and/or tools 
they can offer clients to differentiate themselves from 
competitors and bring a value-added component to their 
procedures-based work.

Business Matters

Below, I share a few specific thoughts about the future 
related to business matters discussed in my previous 
articles and GSP No. 226 paper.

• Ownership transition for employee-owned firms 
will continue to be a challenge. However, improving 
management practices and increasing recognition of the 
importance of long-range planning for ownership transi-
tion will make it easier to achieve this goal for those firms 
choosing the path of inter-generational employee transfer 
of company ownership.

• The cost of litigation, whether for the defense of 
professional liability, business, or employment claims, 
will continue to rise for a number of reasons, the most sig-
nificant being the increasing time and expense associated 
with computer discovery and the review and assimilation 
by attorneys of all of the information generated through 

Very large full-service engineering 
firms (the “mega-firms”) are 
here to stay, but I do not see 
geoengineering firms ever again 
being counted among the largest 
firms in the engineering and 
construction (E&C) industry.
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Seller Acquirer Year Acquired

ETCO Woodward-Clyde 1972

Joseph S. Ward Converse Consultants 1978

Leedshill Woodward-Clyde 1982

Leroy Crandall Law Engineering 1982

McClelland Fugro 1987

Soil & Material Engineers Westinghouse 1987

Ben C. Gerwick COWI 1988

Chen & Associates British Holding Company 1989

McBride-Ratcliff Raytheon 1991

Kaldveer & Associates Harza Engineering (CA) 1992

Chattahoochee Geotechnical EMCON 1993

Wahler Rust International 1993

Geospectra Kleinfelder 1994

Wehren EMCON 1994

Levine Fricke Recon 1995

Lindvall Richter Harza Engineering 1995

Roger Foott GEI Consultants 1995

Earth Tech Tyco 1996

Woodward-Clyde URS 1997

Alton Geoscience TRC 1999

Dames & Moore URS 1999

EMCON IT Group 1999

EQE Int. ABS Group 1999

Mark Group Harza Engineering 1999

Raamont GZA 1999

Agra Earth & Environmental AMEC 2000

Harding Lawson MACTEC 2000

Lockwood-Singh Exponent 2000

Lowney TRC 2000

Harza Engineering Montgomery Watson 2001

Ardaman Tetra Tech 2002

Law Cos Group MACTEC 2002

Subsurface Consultants Fugro 2002

TAMS Earth Tech 2002

Geologic Service Corporation Kleinfelder 2005

Table 3.  Representative listing of acquired geoengineering firms.

that discovery. To avoid this high 
cost, there will be a continuing trend 
toward early settlement of claims and 
the use of alternative dispute resolu-
tion procedures.

• M&A activity will continue at an 
active pace within the E&C industry, 
driven by a variety of factors. M&A 
will regularly change the corporate 
and competitive landscape, enhanc-
ing or disrupting individual careers, 
and resulting in the movement of 
people between companies. In 10 to 
20 years, some of today’s well-known 
geoengineering firms will no longer 
exist in their current state. New geo-
engineering firms will emerge.

• Issues related to commoditiza-
tion in some significant portions of 
the practice and competitive down-
ward pressure on professional service 
fees will not go away and may be-
come worse. Geoengineers must con-
tinue to demonstrate and promote 
their value proposition. In parallel, 
creative pricing strategies (e.g., lump 
sum, unit price) will become more 
popular as an alternative to hourly 
bill rate and labor multiplier pricing. 

• The role of professional associa-
tions, including ASCE, ASFE/GBA, 
and ACEC, will become increasingly 
important in developing policies and 
positions helpful to the profession, 
and driving those policies and posi-
tions into the marketplace.

• Establishment of the ASCE Geo-
Institute (G-I) in 1996 and Academy 
of Geoprofessionals (AGP) in 2006 
were important steps in raising the 
bar to address professional issues fac-
ing geoprofessionals. These organiza-
tions will continue to grow and flour-
ish, but it remains to be seen how far 
G-I and AGP can go in addressing the 
issues we face. It also remains to be 
seen how ASCE Policy Statement 465 
(Academic Prerequisites for Licensure 
and Professional Practice) will ulti-
mately impact the profession.

• Lifelong learning and continu-
ing education will become more 
important and time consuming for 
geoengineering practitioners. These 
efforts will go well beyond the current 
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necessity of gaining professional de-
velopment hours (PDHs) to maintain 
professional registration. Practicing 
geoengineers will increasingly avail 
themselves of the growing array of 
online graduate civil engineering pro-
grams and courses. Geoengineering 
companies will need to integrate this 
expanded level of professional devel-
opment activity into their company 
operations.

Closing Thoughts

The most successful geoengineer-
ing firms will continue to be the ones 
that can see their opportunities in the 
marketplace; develop and implement 
a value proposition and strategy to be 
successful with those opportunities; 
achieve project delivery and client ser-
vice excellence in their work; create a 
compelling work culture and environ-
ment that is attractive to both existing 
staff and recruits; and do all the other 
things that are needed to build a suc-
cessful, sustainable company. The 
leaders of these firms must continue 
to embrace the inevitable continuum 
of change in societal needs for geoen-
gineering services, marketplace drivers 
on those services, available technolo-
gies to use in the profession, competi-
tive practices and pressures, and per-
sonnel, management, and financial 
priorities and challenges. Change is 
inevitable. E&C firm leaders will need 
to look forward and be energetic in 
helping their firms achieve continu-
ing success in this dynamic business 
environment.

Rudolph Bonaparte, PhD, PE, 
D.GE, NAE, M.ASCE, is president 
and CEO of Geosyntec Consultants, 
Inc., headquartered in Atlanta, GA. 
His 32-year career has focused on 
geotechnical and geoenvironmental 
engineering; contaminated soil, 
sediment, and groundwater 
remediation; and solid, hazardous, 
and low-level radioactive waste 
disposal facility permitting and 
design. He can be contacted at 
rbonaparte@geosyntec.com

AUTHOR

Seller Acquirer Year Acquired

Capozzoli & Associates GeoEngineers 2007

Gore Engineering Ardaman 2007

H.C. Nutting Terracon 2007

Jaworski Geotechnical Terracon 2007

Soil Testing Engineers Ardaman/Tetra Tech 2007

STS Consultants AECOM 2007

Vector Colorado Tetra Tech 2007

William Lettis Fugro 2007

Bryan Stirrat & Associates Tetra Tech 2008

DCM Engineering GeoEngineers 2008

Earth Tech AECOM 2008

Fuller, Mossberger, Scott & May Stantec 2008

Geomatrix Consultants AMEC 2008

LFR Arcadis 2008

Moore & Taber Layne GeoConstruct 2008

Aquaterra Terracon 2009

Gallet & Associates Terracon 2009

Jacques Whitford Stantec 2009

Load Test Fugro 2009

ASC Geosciences KCI Technologies 2010

Duane Miller & Associates Golder Associates 2010

Geotechnical Engineering Group Terracon 2010

Jordan, Jones, & Goulding Jacobs Engineering 2010

Midwest Testing Laboratory Terracon 2010

QORE Property Sciences S&ME 2010

Treadwell & Rollo Langan 2010

Bromwell Carrier (BCI) AMEC 2011

MACTEC AMEC 2011

Nordase & Associates Terracon 2011

BCCM Engineering S&ME 2011

Allied Engineering & Testing Volkert 2012

SLR International
Strategic Engineering 
Services

2013

Advanced Geomechanics Fugro 2013

Dunkelberger Terracon 2013

Jenny Engineering COWI 2013

Table 3  Continued.
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From l to r: Scott Mackiewicz, PE, D.GE, M.ASCE, Kleinfelder; Michelle Bolding, PE, LEED AP, M.ASCE, Schnabel Engineering; Stanley Boyle, PhD, PE, M.ASCE,
Shannon & Wilson, Inc.; Kord Wissmann, PhD, PE, D.GE, M.ASCE, Geopier Foundation, Inc.; John Bischoff, PE, M.ASCE, URS; Jay Beech, PhD, PE, M.ASCE,

Geosyntec Consultants; James D. Hussin, PE, M.ASCE, Hayward Baker 

Looking Out for You  from the G-I Organizational Member Council

Join us in standing behind the Geo-Institute. Become an Organizational Member. Download the application at 
http://www.asce.org/uploadedFiles/geo/About_GeoInstitute/Organizational_Member/Organizational%20brochure%205.16.12(1).pdf

OMC Welcomes the G-I’s Newest OMs
Arup North America, Ltd. (Arup) 
is the creative force at the heart of 
many of the world’s most prominent 
projects in the built environment 
and across industry. Arup offers a 
broad range of professional services 
to make a real difference to its clients 
and the communities in which they 
work. From 90 offi ces in 38 countries, 
Arup’s11,000 planners, designers, en-
gineers, and consultants deliver inno-
vative projects across the world with 
creativity and passion. Arup is driven 
to fi nd the best means to deliver solu-
tions for its clients.

Datgel are experts in gINT with a 
9-year track record for delivering gINT 
add-in software like the Datgel CPT 
Tool and high-quality geotechnical 
data management solutions worldwide 
for small and large-scale projects. 
The company provides a complete 
range of solutions for gINT software, 
from expert advice and database 
modifi cation, to user training, technical 
support, and powerful add-ons 
that extend the user’s capabilities in 
reporting and analysis.

Organizational Membership. A Cost-
effi cient Marketing Tool. 
What makes joining the Geo-Institute 
as an Organizational Member (OM) a 
valuable and cost-effi cient marketing 
tool?  For just $2.74 per day, your com-
pany receives: one free month of expo-
sure on the G-I website’s homepage; a 

free listing and description about your 
company in an upcoming Geo-Strata 
issue and also in an upcoming monthly 
eUpdate sent to Geo-Institute’s 11,000+ 
members; a corporate listing in each 
issue of Geo-Strata; a link to your com-
pany from G-I’s website OM page;  a 5 
percent discount off Geo-Strata advertis-
ing rates; one 40-60 percent discount off 
one full-price Geo-Congress registration, 
plus so much more. Download the brief 
application at: http://bit.ly/1oM1j4I

OM 2014 Renewal Fees Are Now
Past Due
Your fi rm’s G-I OM contact person 
should have received your 2014 Geo-
Institute Organizational Member dues 
invoice for 2014. Payment was due on 
January 1, 2014. Questions should be 
directed to lbayer@asce.org.

Free Publicity for Your Organization
Are you and/or your PR person missing 
the opportunity to publish your non-
sales-related information in these pages 
of Geo-Strata… at no charge? As a mem-
bership benefi t, you can send award 
news, new staff member notices, com-
pany project news, upcoming meetings, 
etc., plus high-resolution photos (300 
dpi or higher) to lbayer@asce.org. 

Things You Should Know as a G-I OM
1. Tell your employees about the new 
Geo-Institute YouTube Channel at www.
youtube.com/user/GeoInstituteASCE that 
features G-I award-winning lectures 

ORGANIZATIONAL MEMBERS 

"Thank you for supporting students
and the geo-profession."

AECOM

Agru America, Inc. 

AMEC 

Ardaman & Associates, Inc.

Arup

Atlas EPS 

Bechtel

Bentley Systems

Berkel and Company Contractors, Inc. 

CH2M Hill

ConeTec, Inc. 

Dan Brown and Associates, Inc.

Datgel

D'Appolonia

DBM Contractors, Inc.

Densifi cation, Inc.  

ECS Corporate Services

Fudo Construction, Inc. 

Fugro Consultants LP 

GZA GeoEnvironmental, Inc. 

Gannett Fleming, Inc.  

Geocon Incorporated

GeoEngineers, Inc. 

Geokon, Inc. 

Geopier Foundation Company 

Geo-Solutions, Inc. 

Geo-Stabilization, Inc. 

Geosyntec Consultants 

Geotechnology, Inc.

Golder Associates Inc 

GRL Engineers, Inc.

Haley & Aldrich, Inc. 

Hayward Baker Inc. 

Insulfoam

Jafec USA, Inc. 

Kelchner
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Kleinfelder, Inc.

Langan Engineering & Environmental 
Services, Inc.

Layne GeoConstruction

Loadtest, Inc.  

Magnus Pacifi c Corporation 

Malcolm Drilling Company, Inc. 

McKinney Drilling Company 

Menard, Inc.

Moretrench    

Nicholson Construction Company 

NTH Consultants, Ltd. 

PB Americas, Inc.

RADISE 

The Reinforced Earth Company

Rembco Geotechnical Contractors, Inc.

Richard Goettle, Inc.

RocScience 

S&ME Inc.  

Sanborn, Head & Associates, Inc. 

Schnabel Engineering   

Schnabel Foundation Company

Shannon & Wilson

Soil and Materials Engineers, Inc.

Stantec 

Strata Systems, Inc.

TenCate Geoysnthetics 

Tensar International 

Terracon, Inc.  

Terra Insurance Company

Tolunay-Wong Engineers, Inc. 

TTL, Inc. 

URS Corporation

ZETAS Zemin Teknolojisi A.S. 

and other relevant information at no 
charge. Watch for new lectures from the 
2014 Geo-Congress.

2. Let the G-I know about your recent 
Facebook and Twitter business posts so 
we can help you publicize your infor-
mation. “Like” us on the G-I Facebook 
page at facebook.com/GeoInstitute and 
follow us on Twitter at twitter.com/Geo-
Institute.

3. OMs receive a 5 percent discount for 
advertising in Geo-Strata magazine. Be 
sure to mention this to your advertising 
representative.

4. 40 percent ($400) of your annual G-I 
OM dues goes directly to fund G-I stu-
dent activities. A portion of that money 
fi nances student travel to the annual 
Geo-Congress.

5.  Each year during the annual Geo-
Congress, the OMC hosts its OM Career 
Fair/Reception. Two OM members from 
each OM fi rm are invited to participate 
along with 45-50 students who were 
carefully chosen by the OMC. 

6.  Is your company’s logo posted on 
the G-I website at www.asce.org/geo/
About-Geo Institute/Organizational-Members/
Organizational-Members-of-the-Geo-Institute? 
If not, send your logo in a png, jpg, or 
gif format to lbayer@asce.org. 

7.  Maximize your professional commit-
ment to the Geo-Institute by displaying 
the G-I logo on your website and on 
printed materials. Request a logo and 
preferred format by contacting
lbayer@asce.org.

8.  Exhibiting at a trade show?  Contact 
lbayer@asce.org to receive your G-I Orga-
nizational Member placard to display at 
your booth.

Organizational Members:
Let Us Follow You
The G-I not only follows its Organiza-
tional Members on Twitter, but retweets 
news and lists it at @GeoInstitute/
GIOrgMembers. We also follow OMs 
who are on Facebook. E-mail us at
ecuscino@asce.org when you join
Facebook and Twitter. We will then fol-
low you and add your name to our list.

Vargas Joins Nicholson Construction  
After four years as the general manager 
of Soldata and a total of 12 years within 
the Soletanche Freyssinet Group, Boris 
Caro Vargas is joining Nicholson 
Construction as leader of the company’s 
Business Development Group.

In his tenure with Soldata, Vargas 
grew the team and the company’s 
revenue, putting Soldata at the top of 
North America’s Instrumentation and 
Monitoring industry. Prior to joining 
Soldata, he held several positions 
within Soletanche Bachy, including 
Operations Manager for the southeast 
branch of Freyssinet Spain.

Vargas holds a degree in structural 
engineering from the University of 
Caminos, Madrid, and two graduate 
degrees in civil engineering, one from 
Ponts Paris Tech and one from the 
University of Roma II.

Nicholson Awarded Repair Work for 
Washington’s Wanapum Dam
Nicholson Construction was recently 
awarded a contract for signifi cant repair 
work at Grant County Public Util-
ity District’s (PUD) Wanapum Dam 
in Central Washington. Water levels 
behind the 55-year-old dam had to be 
lowered by 26 feet for stabilization and 
repairs after a 65-ft-long fracture in the 
dam was discovered. Because of the low-
ered water levels, the dam is currently 
operating between 50-60 percent of its 
capacity. Overall repairs to the dam are 
estimated at $61 million.

The combination of the fracture in 
the dam and the lowered water levels 
has prompted $1.5 million in modifi ca-
tions to extend the dam’s fi sh ladders 
to ensure the safe passage of the spring 

G-I Organizational 
Member News
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WATCH G-I’S AWARD-WINNING

VIDEO LECTURES

You and your employees can 
watch Geo-Institute’s award-
winning lectures (Peck, Seed 
and Terzaghi) that are now 
available for FREE on the new 
G-I YouTube site at:

http://www.youtube.com/user/
GeoInstituteofASCE

Newly-released videos include 
the 2014 Terzaghi and Peck 
Lectures and other keynote 
presentations and highlights 
from the 2014 Geo-Congress 
in Atlanta. Be sure to click the 

"Subscribe" button and turn on 
“Updates” to be among the first 
notified about new videos.

Visit us at http://bit.ly/QiVH1A
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salmon, which will migrate through 
the dam at a rate of 1,200 - 1,500 fi sh 
per day at peak. In the summer run, 
approximately 25,000 fi sh will migrate 
through the Wanapum Dam on a daily 
basis at peak. 

Nicholson’s repair work on the dam 
includes coring in the gallery to map 
features, drilling, and installing anchors at 
each pier, installing uphole drains in the 
gallery, and installing bars on the ogee. 

“We’re pleased to be part of the 
solution for getting Wanapum Dam 
back up and running at full capacity,” 
said Matt Johnson, regional manager, 
Nicholson Construction. “We are 
aware of the current impacts to local 
fi sh passage and tourism, and we 
understand how important this project 
is to the community.”

All repair work on the dam is expected 
to be complete by the end of the year.

TenCate Appoints New Board Members

During the April 17, 2014, general 
meeting of shareholders of Royal TenCate 
(TenCate) in Almelo, Netherlands, E.J.F. 
Bos was appointed a member of the 
Executive Board, with the title of chief 
fi nancial offi cer, for a period of four years. 

M.J. Oudeman was appointed a member 
of the Supervisory Board of TenCate, also 
for a four-year term.

Bos held the position of corporate 
director of fi nance of Royal Ten Cate 
since July 1, 2013, and was previously 
the TenCate Advanced Armour 
controller. Prior to TenCate, he worked 
at Royal Lankhorst Euronete Group, 
Grontmij Nederland, Oranjewoud and 
Unilever. His specialty is accounting 
and business economics.

M.J. (Marjan) Oudeman is 
chairperson of the Executive Board 
of the University of Utrecht, N.V. 
Oudeman was previously employed as 
a member of the Executive Committee 
of AkzoNobel N.V., a member of the 
Executive Committee of the Corus 
Group, as managing director of 

Corus Strip Products Ijmuiden, and 
chairperson of the board of Corus 
Nederland B.V. and Corus Staal B.V.

Malcolm Awarded Contract
to Rescue Bertha
Malcolm Drilling Company, Inc. 
(Malcolm), was recently awarded the 
support of excavation work to rescue 
the incapacitated 57.5-ft diameter 
tunnel boring machine (TBM) 
named Bertha. Bertha, the world’s 
largest TBM, has stopped all forward 
progress after just more than 1,000 ft 
of mining for the new SR 99 beneath 
Seattle, WA. Bertha’s stoppage because 
of mechanical diffi culties places her 
precariously 80 ft below the surface 
between the aged Alaskan Way Viaduct 
and the southern terminus of the 
dilapidated Seattle Seawall. 

After considering all possible 
repair/rescue methods, Seattle 
Tunnel Partners JV (STP) decided 
to utilize a vertical shaft as the best 
approach to access all facets needed 
for repairs. Due to the limited surface 
area above the tunnel alignment and 
physical constraints bound by existing 
infrastructure, the dimensions of the 
otherwise symmetrical shaft are heavily 
impacted, thereby requiring special 
attention to design, layout, and water 
control processes. Consequently, the 
shaft design requires a combination 
of 3-m, 2.5-m, 2.2-m, 1.5-m and 1-m–

E.J.F. Bos M.J. Oudeman

Wanapum Dam was built by the Grant County PUD, which still runs it. 

Malcolm Drilling’s efforts to rescue Bertha by constructing a deep recovery shaft.Malcolm Drilling’s efforts to rescue Bertha by constructing a deep recovery shaft.
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diameter, unreinforced, drilled secant 
piles, coupled with various jet grouting 
techniques and dewatering. The shaft 
will allow STP to remove Bertha’s entire 
cutter face and her inner workings to 
facilitate a complete repair. 

“Rescuing a one-of-a-kind TBM 
requires a one-of-a-kind access 
shaft,” said Clint McFarlane, project 
superintendent, Malcolm Drilling. 

“We’re happy to be working with STP and 
WSDOT to help get Bertha back on track 
and moving forward.” Malcolm’s crews 
and equipment have mobilized from 
their regional offi ce in Kent, WA and 
will work around the clock to expedite 
completion of this time-critical project.

GRL Engineers Opens Seattle
Branch Offi ce

GRL Engineers 
recently 
announced the 
opening of a 
branch offi ce in 
Seattle, WA. “We 
are opening this 
offi ce to better 
serve the needs 

of our growing client base in WA, OR, 
ID, and Western Canada,” said Patrick 
J. Hannigan, PE, M.ASCE, president of 
GRL. Marty Bixler, PE, M.ASCE, one of 
GRL’s most senior and accomplished 
testing engineers, will manage the 
new location. Bixler has been with the 
Florida offi ce of GRL for almost 20 
years. As with all other GRL locations, 
the Washington offi ce will provide pile 
driving analyzer services on driven or 
drilled foundations, integrity testing by 
low strain, thermal profi ling and CSL 
methods, wave equation analysis, SPT 
Hammer and Becker Drill calibration, 
and other specialty services and analyses. 
For more information:
mbixler@GRLengineers.com or
425-381-9690.

McKinney Drilling Celebrates 75 Years
McKinney Drilling Company is 
proud to be celebrating 75 years of 
deep foundation service. The fi rm, 
headquartered in Hanover, MD, is 
the leading drilled shaft contractor in 
North America and still retains much of 

its founder’s humility and dedication 
to hard work. “McKinney rigs have 
travelled from the frozen tundra of 
Alaska and the deserts of Nigeria. And, 
Australia, England, Guatemala, and 
New Caledonia have seen McKinney 
crews tackling every conceivable 
soil condition, climate, and type of 
project,” says the fi rm’s president, Bill 
Maher. McKinney now has a fl eet of 
more than 100 drill rigs, as well as 
cranes and associated equipment and 
tools supporting its 15 offi ces across 
the country. The fi rm is now owned 
by the Keller Group, which is the 
world’s largest, independent, ground 
engineering specialist.

Schnabel Relocates to New
Headquarters

Schnabel Engineering, Inc. (Schnabel), 
of Glen Allen, VA, moved into its new 
corporate headquarters to 9800 JEB 
Stuart Parkway, Suite 200, and relocated 
its Richmond-area offi ces to Suite 100 
in the new headquarters building on 
June 1, 2014.

Schnabel purchased the building in 
January 2014, and is excited to combine 
its Richmond-area offi ces under one 
roof to better serve its clients.

“We couldn’t pass up an opportunity 
to invest in our community’s growth.  
Owning our headquarters building 
not only enhances the strength of our 
company, but it allows us to plant roots 
in a region that has given us so much,” 
said Gordon Matheson, PhD, PE, P.G., 
M.ASCE, president and CEO.  

Paul Diggs, branch leader of the 
Richmond technical practice, added, 

“Both offi ces are excited about the move 
and the new space. Moving into the 
same building gives us the chance to 
collaborate and work more closely 
together, improving our client service.”

Terracon Acquires Two California Firms
Terracon Consultants, Inc., recently 
acquired Neil O. Anderson and 
Associates (NOAA), based in Lodi, CA, 
and RGA Environmental, Inc., based in 
Emeryville, CA.

Founded in 1991, NOAA is a 
geotechnical, environmental, and 
materials testing engineering fi rm 
specializing in energy, geotechnical 
instrumentation, geophysical methods, 
federal highways, and aquatic facility 
design services for private and public 
sector clients. NOAA has offi ces in 
Sacramento and Concord, CA.

“Joining with Neil O. Anderson and 
Associates adds to our expertise and 
enhances our current service offerings 
to clients in California and nationwide,” 
said David R. Gaboury, PE, M.ASCE, 
president and CEO of Terracon. “The 
depth of their expertise will bring 
even greater value to our clients.” The 
transition will be largely seamless for 
clients, as the company will continue 
to operate as “Neil O. Anderson and 
Associates, a Terracon Company.” 
Terracon will retain its employees in the 
three existing offi ces. 

“For more than 20 years, clients have 
come to depend on our responsiveness, 
expertise, and quality of services,” said 
Neil Anderson, PE, the CEO of NOAA. 

“We are excited to be joining forces with 
Terracon and will continue to expand 
that high level of service.”

Established in 1985, RGA 
Environmental provides hazardous 
materials, industrial hygiene, safety, 
emergency response, litigation, 
and environmental construction 
management services to public and 
private sector clients. The fi rm has 
additional offi ces located in Irvine, CA, 
and Seattle, WA.

“The acquisition of RGA 
Environmental further reinforces our 
strategy to grow our presence, expertise, 
and service offerings to clients in 
California and other parts of the 
West Coast,” said David Gaboury, PE, 
president and CEO of Terracon. The 
company will continue to operate 
as “RGA Environmental, a Terracon 
Company.” Terracon is retaining RGA’s 
65 employees.

Marty Bixler

New Schnabel Engineering Headquarters
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“This is a tremendous milestone for 
our fi rm,” said JoAnn Copperud, CEO 
of RGA Environmental. “Joining forces 
with a nationwide leader like Terracon 
affords us the opportunity to pool 
resources and knowledge as we expand 
our high level of service to clients across 
the country.”

Terracon now ranks as the 45th 
largest, majority employee-owned 
company in the U.S., according to 
the Employee Ownership 100, a list 
published by the National Center 
for Employee Ownership (NCEO). 
Since 1965, Terracon has grown from 
a small Iowa geotechnical fi rm to a 
large, multifaceted, national fi rm. It has 
experienced tremendous growth over 
the last 10 years, thanks to the hard 
work and dedication of its employee-
owners. Today, more than 96 percent of 
the fi rm’s employees are owners. 

Stantec Earns ACEC Awards
for Engineering Excellence
Stantec received the Grand Award from 
the American Council of Engineering 
Companies of Kentucky (ACEC-KY). 
The award recognizes Stantec for its 
novel design and comprehensive 
technical solution for the Tennessee 
Valley Authority’s (TVA) recovery from 
the Kingston coal ash spill. The project 
also received a National Recognition 
Award at the ACEC 2014 Engineering 
Excellence Awards competition. 

In December 2008, the dikes 
at TVA’s power station in Kingston, 
KY, failed. They contain wet coal 
combustion ash, and 5.4 million cubic 
yards of coal ash were released. The 
ash slurry fl owed out from the site, 

impacting the adjacent Emory River. In 
the aftermath, TVA committed more 
than $1 billion for the response, clean 
up, and site restoration. 

Stantec’s team was at Kingston 
within hours after the spill to assist TVA 
with emergency actions. As the recovery 
progressed, Stantec developed a site 
closure scheme, completed detailed 
engineering designs for a containment 
structure, and remained on-site to help 
with recovery efforts. 

During the fi rst two years after the 
spill, about 3 million cubic yards of ash 
dredged from the river was shipped by 
rail to a permitted, off-site landfi ll. Since 
then, the remainder of the released 
material has been excavated and stacked 
back inside the footprint of the failed 
impoundment facility. A two-mile long 

perimeter containment structure has 
been built around the new 240-acre ash 
landfi ll, which is being capped with a 
fl exible membrane cover system.

Park Comes to Life Along Spokane River
Members of GeoEngineers’ Spokane, 
WA offi ce recently worked with owner 
Avista Utilities to renovate Huntington 
Park, located between City Hall Plaza 
and the Spokane River. The site is located 
below the Spokane Falls Gondola and 
between a number of existing structures, 
so GeoEngineers performed subsurface 
explorations and provided geotechnical 
engineering recommendations that 
supported the park improvements and 
surrounding infrastructure. The fi rm also 
helped analyze and safely dispose of small 
amounts of slightly contaminated soil that 
was discovered during the park excavation.

View the time-lapse video to 
celebrate the park’s renovation at www.
geoengineers.com/news/park-comes-life-
along-spokane-river

Charles Head Appointed to GBA Board
of Directors
Sanborn, Head & Associates, Inc. Co-
founder, President, and CEO Charles 
L. “Charlie” Head, PE, PG, M.ASCE, 
was appointed to the Geoprofessional 
Business Association’s Board of Directors. 
Head has been active in the GBA for The affected area looking east toward the Emory River.  

Design graphic from the Kingston Coal ash spill.

The affected area looking east toward the Emory River.  

Design graphic from the Kingston Coal ash spill.
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more than a decade, most recently as 
chair of GBA’s Emerging Issues and 
Trends Committee. Head has 30 years 
of professional experience with a focus 
on groundwater engineering. He holds 
bachelors degrees in geology from St. 
Lawrence University and civil engineering 
from the University of New Hampshire, 
as well as a master’s in civil engineering 
from Colorado State University.

Tunneling/Geotechnical Engineer 
Vince Tirolo Joins Arup’s NY Offi ce to 
Expand Heavy Civil Infrastructure and 
Underground Structures Practice

Arup announced 
that Vincent Tirolo, 
Jr., PE, M.ASCE, 
has joined its 
New York offi ce 
as a senior advisor 
on the fi rm’s 
large heavy civil 
infrastructure 

projects. He also will help expand the 
fi rm’s presence in the tri-state area.

For the past two years, Tirolo had 
his own consulting business providing 
geotechnical, construction engineering 
and constructability consulting services, 
as well as litigation support and expert 
witness testimony. He previously 
served for 15 years as the chief engineer 
for Skanska USA Civil NE, and prior 
to joining Skanska in 1995, was an 
associate at Mueser Rutlege Consulting 
Engineers and a project manager for 
Parsons Brinckerhoff Inc.

Throughout his 40-year career, 
Tirolo worked on various tunnel 
projects, including the Central Artery 
Project in Boston, where he served as 
Skanska’s chief engineer on the C09A4 
project; the Anacostia River Tunnel 
and New York Avenue Station in 
Washington, DC; and the 63rd Street 
Connection, the Dey Street Passageway, 
and the 53rd Street Reconstruction 
Projects in New York City. 

He holds a bachelor’s and master’s 
degree in civil engineering from the City 
College of New York and is an active 
member of the ASCE/Geo-Institute, 
The Moles, Earthquake Engineering 
Research Institute, Structural Standards 
Division-Committee on Design Loads 
on Structures During Construction, and 

TRB’s Tunneling and Underground 
Construction Committee AFF60.  He 
is a past president of the Metropolitan 
Section of ASCE and has been an 
adjunct professor of civil engineering at 
Columbia University.

URS Offers Solution to Improve Energy 
Effi ciency and Reduce Carbon Emissions 
URS Corporation has developed a 
novel approach to improve the energy 
effi ciency of coal-fi red power plants by 
1 to 3 percent, with a corresponding 
reduction in carbon dioxide emissions.

The new process, based on SBS 
Injection (sodium-based solution) 
technology, enables power plants to 
realize signifi cant operational cost 
savings by burning less coal. It also 
results in less coal combustion residual 
wastes and lower air pollution emissions.

The SBS technology injects sorbent 
into the combustion system, removing 
sulfur trioxide prior to the selective 
catalytic reduction system and/or air 
preheater. It improves plant operational 
performance and reliability, enhancing 
the capture and removal of mercury 
while helping the plant to meet 
stringent sulfuric acid emission limits. 
By eliminating sulfuric acid and other 
compounds from the fl ue gas, which 
lead to fouling and corrosion of air 
preheater equipment in the power plant, 
the performance and effi ciency of the 
equipment can be dramatically improved.

TWE Gonzales Location Receives
AASHTO Accreditation
The Tolunay-Wong Engineers, Inc. 
Gonzales, LA location received 
accreditation through the AASHTO 
Accreditation Program (AAP). AAP is 
a voluntary program that is available 
to all testing laboratories, including 
government, commercial, university, 
and research facilities. There are more 
than1,700 individual laboratories that 
are currently accredited through AAP. 
AAP utilizes laboratory assessment and 
profi ciency sample services provided 
by the AASHTO Materials Reference 
Laboratory (AMRL) and the Cement 
and Concrete Reference Laboratory. 
This allows the Gonzales location to 
join the testing laboratory rotation 
for the State of Louisiana Facility 

Planning & Control, a section of the 
Department of Administration. It also 
allows the Gonzales location to be 
eligible for work with the Department 
of Transportation & Development. 
Not only does this accreditation prove 
Tolunay-Wong Engineers’ commitment 
to quality, it also allows the company 
to broaden its market base in the Baton 
Rouge, LA metropolitan area.

DBM Contractors, Inc. Announces
Management Succession Plan
Michael Murphy, chairman of the DBM 
Contractors, Inc. board and managing 
director, announced DBM’s management 
succession plan. “It is important to note 
that the succession plan is designed to 
foster our commitment to our family of 
employees, our mission statement, and 
our clients.” 

CFO Todd 
Jarvis, hired in 
1991, becomes 
the new president 
and CEO this 
fall. President 
Tom Armour, 
PE, M.ASCE, 
will initially 

continue his mentorship of Jarvis 
and will remain as executive vice 
president handling project/product 
development, developing and 
managing project leads, leading 
product research and development, 
and continuing with DBM’s Board 
management. The management team 
also includes: Paul Groneck, PE, 
executive vice president/COO; Jim 
Sexton, PE, construction manager; 
John Bickford, PE, M.ASCE, project/
product development manager; Craig 
Henke, general superintendent; Mick 
Martinson, planning/purchasing 
manager; and Steve Stylos, contracts/
risk manager. 

Armour began his career with DBM 
in 1994 as business development 
manager and became president in 1997. 
During his tenure, DBM has seen a fi ve-
fold increase in the company’s annual 
income and book value. “It is the proper 
time for me to step down and allow 
Todd and our team the opportunity to 
continue to grow our business model,” 
stated Armour.

Vince Tirolo

Todd Jarvis
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Underwood is 
a principal in 
Engineering 
Partners 

International’s Eagan, MN 
office. The firm is a specialty 
structural/geotechnical 
consulting engineering firm 
practicing in the areas of 
earth retention, foundation 
underpinning, and specialty 
deep foundation design.  

He received his B.S. 
degree in geology from 

the University of Wisconsin – Eau Claire in 1996 and his 
M.S. in geotechnical engineering from the University of 
Wisconsin – Madison in 1999. Underwood is a registered P.E. 
in seven states and has 16 years of geotechnical design and 
project management experience with regional and national 
engineering firms.

How did you spend your childhood years?

I grew up in Eau Claire, WI, which is a city of about 65,000 
people located about 90 miles east of Minneapolis, MN.  
Some of my most memorable moments were spent with my 
grandparents, who also lived in Eau Claire. We had a lot of 
good times hunting, fishing, and camping. I also took great 
pride in riding my bike all over town in the summer mowing 
lawns for $5 a pop.

When did you know that you wanted to study civil 
engineering? What were the key factors in your 
decision to be a civil engineer?

My earliest exposure to the field of engineering probably 
came from my dad. He was a draftsman and project 
manager for a steel bridge fabricator in Eau Claire. I 
remember going to his office and seeing rolls and rolls of 
bridge blueprints stacked everywhere. In high school, my 
favorite classes were math and science. I began my college 
career at the University of Wisconsin – Eau Claire studying 
geology. At the time, I wasn’t exactly sure what field of 
science or engineering I wanted to pursue, but I really got 
hooked on geology and earth sciences. After graduating 
with my B.S. degree, I worked as a hydrogeologist for 
Short Elliott Hendrickson in Chippewa Falls, WI. While 
there, I had a lot of interaction with environmental, civil, 
and transportation engineers and realized that the more 
applied aspects of engineering design were of particular 
interest to me. That’s when I decided to go back to school 
for engineering. My interest in the earth sciences and 
engineering made the pursuit of a career in geotechnical 
engineering a logical progression. 

What is your message to professional engineers 
regarding specialty certification that they should 
be aware of?

 Young engineers should know that they can obtain 
great satisfaction in excelling in their field of engineering.  
Professional satisfaction should be given as much value as 
financial compensation when evaluating one’s career.  Specialty 
certification does not necessarily have to be an end goal; 
however, professional satisfaction should be. If you truly have 
a passion for something and actively engage in activities that 
promote your professional passion, specialty certification will 
come naturally.  If you follow through with your professional 
passion, you will also undoubtedly find financial success.

Why are you certified as a D.GE, and what made you 
become a Diplomate in the Academy?

I strongly feel that advanced education in geotechnical 
engineering and continued professional development and 
involvement is critical to the profession. The undergraduate 
engineering curriculum is too generalized to provide the technical 
background required for geotechnical engineers to work through 
many of the problems they will face in practice. I think that is 
important to promote the Academy’s goals of higher education, 
continued education, and professional involvement so that young 
engineers see the value in aspiring to higher achievement.

How do you feel about the state of civil 
engineering and the profession as it is today?  

I am excited about the current state of civil engineering as well 
as what the future will bring. Investments in urban revitalization 
and infrastructure improvements create challenging and 
rewarding projects for civil engineers, especially in the area of 
geotechnical construction. As projects become more challenging, 
there is a greater need for higher level technical expertise. The 
skills that the Academy promotes are in line with those skills 
required to face these engineering challenges.

What do you personally feel are the biggest 
challenges that are on the horizon for the 
profession?

I am concerned about the ability to attract and develop strong 
talent to the field of geotechnical engineering. The services 
provided by geotechnical engineers are often viewed as 
commodities by owners, architects, and other engineers. This 
commoditization not only drives fees down and quality, but it 
impacts company profits, which in turn impacts salaries. The 
inability to provide competitive salaries makes it a challenge 
to attract young engineering talent to the geotechnical field. 
I’m not sure what the answer is to debunking this perception, 
but reversing this perception is important so that new talent is 
attracted to the profession.

LOOK WHO’S A D.GE   Chad Underwood, PE, PG, D.GE, M.ASCE
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The GeoCurmudgeon by John P. Bachner

Haste Makes Waste 

Bramlette “Bram” McClelland, D. Eng., PE, was 
an amazing man: a pioneering geoprofessional 
whose firm – now part of Fugro – specialized in 
subsurface exploration at the ocean floor. He was 

a no-nonsense individual with extraordinary vision. He not 
only was a founder of what today is ASFE/The Geoprofessional 
Business Association, he created Organizational Peer Review 
based on a model his firm’s accounting staff followed per 

requirements of the American Institute of Certified Public 
Accountants. In 1999, celebrating its 125th anniversary, 
Engineering News-Record identified the 125 most significant 
construction-industry innovations since 1874. ASFE was 
the only association cited, for its ground-breaking (and still 
robust) Peer Review program.

Given such accomplishments and his imposing presence, 
Bram was a formidable individual — a true leader. That’s why 
so many people attending an early 1970s ASFE conference 
were taken aback when Bram announced from the podium 
that he was about to share a case history with them. But not 
just any case history. This was going to be a case history about 
a mistake. And not just any mistake. It would be about his 
mistake – a personal failure – something no one else had 
had the courage to talk about in public. Bram would be the 
first, in hopes that his sharing would be of value to his fellow 
members. In true Bram fashion, the lessons to be learned from 
that case history are as fresh and relevant today as they were 
almost 40 years ago. Even more important: Bram’s willingness 
to share encouraged others to follow his lead, resulting in 100 
published ASFE/GBA case histories that are extraordinarily 
valuable for those who need to understand what the risks are 
and how to confront them.

As Bram related the story, and as best as I can remember, a 
first-time client – a major organization – retained McClelland 
Engineers to perform a somewhat complex geotechnical 
service. His staff completed the service without incident and 
the firm submitted an invoice. Thirty days passed, no payment, 
a situation that recurred after 60 days, then 90 days, and – 
finally – 120 days. That’s when Bram got involved and decided 
to turn the bill over to his attorneys. They were successful and, 
within a month or so, they reported that the client had paid 
in full. But they also noted that the organization’s CEO was 
angry. In his opinion, McClelland had not performed well at 
all; he was paying the bill solely to avoid litigation. However, 
he said, his company would never deal with McClelland again.

Bram said his reaction was somewhat cavalier. He believed 
his staff had performed well and the client CEO was wrong to 
say it had not. It was too bad his firm was losing a client, but 
some relationships just don’t work out.

About a year went by. McClelland was once again 
engaged for a project being taken forward by the same client 
company, except – in this case – it was as a subcontractor to 
the civil-engineering firm that dealt with the client company 
directly. The project went forward without a hitch, until 
the civil-engineering firm sent its final invoice. The client’s 
attorney let the civil-engineering firm know that the client 

Bram McClelland and Personal Diplomacy
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John P. Bachner is the executive vice 
president of the Geoprofessional Business 
Association (GBA), a not-for-profi t 
association of geoprofessional fi rms; i.e., 
fi rms that provide geotechnical, geologic, 
environmental, construction-materials 
engineering and testing (CoMET), 
and related professional services (en.
wikipedia.org/wiki/Geoprofessions). GBA 
develops programs, services, and materials 
to help its members and their clients 
confront risk and optimize performance. 
Contact john@asfe.org

AUTHOR

Fully Automated Borehole Shear Test

Handy Geotechnical Instruments, Inc.
Madrid, Iowa 50156 U. S. A.

www.handygeotech.com

Fully Automated Borehole Shear Test
•	 Select	test	depth,	set	up	test,	push	

the	start	button
•	 No	hand	cranking,	no	eyeballing	

gauges,	no	personal	bias
•	 Plots	stress-vs.-deflection,	picks	off	

failure	points,	plots	failure	envelope
•	 Calculates	drained	c,	ϕ,	and	R2:		

1	hour,	1	envelope;	repeat	at	different	
depths

Drained soft clay does have a friction angle. The first 
data point indicates seating and is not included in the 
regression. Courtesy of Dr. Jeramy Ashlock.

Cross-Hole Analyzer
Your best CSL choice.

   
sales@pile.com
+1 216-831-6131 www.pile.com/cha  

Optional probe 
deployment system.

Cross hole 
sonic logging of 
drilled shafts per 
ASTM D6760. 

CHA-W software

was totally dissatisfi ed with the services 
of McClelland Engineering and was not 
about to pay for them.

Bram became enraged, but he was 
smart enough to restrain his anger. He 
discussed the best course of action with 
colleagues and realized that he was the 
guilty party, for failing to apply what he 
called “personal diplomacy” after the 
client passed the 60-day mark. What he 
said, in his highly refi ned Texas drawl, 
was, more or less: “This is a client that 
was known for always paying its bills. In 
this case, it wasn’t paying. Why? Rather 
than getting an answer, we kept sending 
bills and ultimately sent a lawyer. If I had 
merely called the CEO and asked for an 
appointment – maybe even offered to 
take him to lunch – I would have learned 
what the problem was, and I would have 
had the opportunity to have apologized 
for what we did wrong, or to explain why 
he was mistaken about our performance.”

But that didn’t happen, and Bram 
was faced with the same kind of legal 
situation he had created for the client 
organization, making the CEO even 
angrier about whatever it was that had 
gone wrong. “We are in the people 
business,” Bram said, and – when it 
comes to confronting geoprofessional 
risks – wiser words have still not been 
uttered. The lesson cost Bram a small 
fortune, in the form of the business he 
did not gain from what could have been a 
client for life, worth millions of dollars to 
the fi rm over time, in fees, referrals, and 
opportunities. He shared the lesson freely. 
And after the audience got over its shock, 
my goodness how loud the applause.
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CORE BITS
Check these sources for breaking
G-I news:

• The G-I webpage at
www.asce.org/geo

• The G-I monthly eUpdate
newsletters.

• Twitter at
http://twitter.com/GeoInstitute

• Facebook at
www.facebook.com/GeoInstitute 

• G-I LinkedIn at
http://www.linkedin.com

• G-I YouTube at
www.YouTube.com/user/
GeoInstituteASCE

Got a question or an answer? Here’s 
what’s on people’s minds. Join in on 
LinkedIn’s Geotechnical Engineering 
Experts page at https://www.linkedin.
com/groups?gid=2131828.

Why are geotechnical studies before 
projects so important?

How do I compute the modulus of 
resilient for subbase material by CBR 
value?

Propiedades de un material deleznable 
para usar en el phase.

Relevant methods to mitigate the 
settlement of a structure resulted from 
lowering the GWT

Liquefaction mitigation measure under 
the existing building foundation

Relatively undisturbed soil sampling in 
900 ft.-deep drill holes

Dry stacked boulder retaining wall 
stabilization solutions

Formación especializada en el terreno.

Which software should be used to 
design a gabion wall?

What are the recent advances in 
reinforced earth/slope/MSEW?

How is passive resistance in reinforcing 
elements of reinforced earth 
mobilized?

G-I NEWS

New G-I Governors 
The G-I is pleased to announce that the 
new governors beginning their term on 
October 1, 2014 are Patrick Fox, PhD, 
PE, F.ASCE, University of California, 
San Diego; Beth Gross, PhD, PE, 
M.ASCE, Geosyntec, Austin,TX; and 
Youssef Hashash, PhD, PE, F.ASCE, 
University of Illinois, Urbana, IL. 
These three individuals will fi ll the 
vacancies of current governors Patricia 
J. Culligan, PhD, M.ASCE; Barbara 
Luke, PhD, PE, D.GE, F.ASCE, and 
Craig Benson, PhD, PE, D.GE, 
NAE, F.ASCE, who will leave the G-I 
Board on September 30, 2014. No 
replacement for William Marcuson, 
the ASCE Board of Direction’s 
appointed governor to the G-I Board, 
had been named at the time of 
publication. 

Professor 
Fox’s expertise 
includes the areas 
of slope stability, 
retaining walls, 
groundwater, 
consolidation, 
geosynthetics, 
landfi lls, 
foundation 
engineering, soil 

dynamics, and earthquake engineering. 
He has published more than 130 
technical papers about his research. 
He won awards for teaching and 
research and worked as editor-in-chief 
of the ASCE Journal of Geotechnical and 
Geoenvironmental Engineering.

Beth Gross 
is a senior 
geotechnical 
engineer with 
more than 
20 years of 
experience with 
the permitting, 
engineering 
design, and 
performance 

evaluation of containment systems 
for municipal wastes, industrial 
and hazardous wastes, and coal 
combustion by-products. She has 
authored numerous publications and 
presentations about slope stability, 
landfi ll liner systems, and subsurface 
barrier systems and is a registered civil 
engineer in 10 states.

Youssef 
Hashash has had 
an enormous 
impact on the 
geoprofession 
in his approach 
to the concept 
of case studies. 
He has made 
similar signifi cant 
contributions to 

related geotechnical areas. He is the 
author and co-author of more than 20 
journals and conference publications, 
co-inventor on four patents, and lead 
developer of a widely-used nonlinear 
site response analysis code. He has 71 
publications, more than100 articles in 
conference proceedings, and has served 
as the chair of multiple G-I committees 
over the years, as well as being the 
recipient of several awards, including 
the Ralph B. Peck award.

Sharing the ASCE Report Card
Are you presenting or talking 
about Infrastructure?  You can get 
presentations, videos, and more from 
the ASCE Report Card Toolkit.
Every ASCE and G-I member can use 
the Report Card to get others engaged 
in the conversation about our nation’s 
infrastructure. The Report Card 
Outreach Toolkit includes presentations, 
state fact sheets, and other materials to 
help spread the message.

If you need printed materials for 
a conference or meeting, please let us 
know!  We have several information 
pieces that we can send you.  Don’t 
see something you need?  Want more 
information?  Email: reportcard@asce.org.

Make sure you have the latest 
version of our award-winning Report 

Patrick Fox

Beth Gross

Youssef Hashash
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Card app. Just go to the app store of 
your choice (iTunes or Google Play) 
and click on “Updates.” Hit “Update,” 
and you’ll have all the new information 
automatically loaded.  While you’re in 
the iTunes or Google Play, please rate 
our app and tell others why they should 
download it too. 

Do You Like Geo-Institute’s 
Facebook Page?
You should follow the G-I on Facebook 
to catch relevant news items such as 
new award-winning lecture videos 
added to the G-I YouTube site, pictures, 
and more.  Join the 2,284 others who 
already “like” the site at www.facebook.
com/GeoInstitute

New 2014 Peck and Terzaghi Lectures 
Now Available on G-I’s YouTube Site 

Now available on the G-I’s YouTube 
page is Youseff M.A. Hashash’s, PhD, 
PE, F.ASCE  Peck Lecture “Innovations 
in Modeling and Monitoring Technolo-
gies for Response of Deep Urban Exca-
vations “ and J. Carlos Santamarina’s, 

PhD, Ing., A.M.ASCE, Terzaghi Lecture 
“Energy Geotechnology: Enabling New 
Insights Into Soil Behavior.” These 
award lectures were presented at the 
Geo-Institute’s 2014 Geo-Congress 
in Atlanta, GA, USA. The new Geo-
Channel at www.youtube.com/user/
GeoinstituteASCE features never-before-
available-online award lectures.

You can also see who was caught on 
video in Atlanta by watching the 2014 
Geo-Congress Highlights video. As this 
issue went to press, 1,214 people have 
viewed 2014 Geo-Congress Highlights; 
3,834 people have watched the 2013 Seed 
Lecture; 2,112 have watched the 2013 Peck 
Lecture; and 2,363  people have watched 
the 2013 Terzaghi Lecture! Additional 
2014 lectures and workshops will be 
added during the next six months. 

Subscribe now to be notified when 
new material is posted, just like 830 
of your peers did as this issue went 
to press! From the GeoChannel page, 
choose “manage subscriptions” and 
then check “send me updates.” Let’s see 
how fast we can get to 1,000 subscrib-
ers. Pass this link on to your friends and 
colleagues: www.youtube.com/user/ 
GeoinstituteASCE
 
G-I CO-SPONSORED 
CONFERENCES 

IFCEE 2015
March 17-21, 2015 
JW Marriott  
San Antonio, TX  
www.ifcee2015.com
More than 2,700 attendees are expected 
at IFCEE 2015. There will be lots of 
networking time! You should attend 
this event if you are involved in the 
geoprofessional and foundations 
industries. IFCEE, a partnership between 
the G-I, ADSC, DFI, and PDCA, offers 
you more than 35 hours of education 
presented by industry leaders, 
educational short courses, technical 
committee meetings, an indoor and 
outdoor exhibition, and so much more. 
4 leading organizations. 4 dynamic days. 4 
times the industry influence!  

Exhibit and sponsorships are now 
available, but going quickly. Browse the 
current list of more than 100 exhibitors 
who you’ll see at the conference on the 
conference’s website at www.ifcee2015.com.

PROFESSIONAL 
DEVELOPMENT CORNER

ASCE/G-I Co-sponsored Online Webinars
Listed webinars run from 11:30 am—
1:00 pm (ET) unless otherwise marked

Load and Resistance Factor Design 
(LRFD) for Geotechnical Engineering 
Features - Two Part Series 
August 4 and August 19, 2014

Geosynthetics Used in Unpaved and 
Paved Roads 
August 7, 2014

Sustainable Geotechnical Construction 
with Recycled Materials 
Noon – 1:00 pm 
August 15, 2014

Constructability-based LRFD 
for Geotechnical Features Deep 
Foundations - Drilled Shafts 
September 8, 2014

For more webinar information: 
www.asce.org/Continuing-Education/
Webinars/Live-Webinars/ 

ASCE/G-I Seminars
Earthquake-Induced Ground Motions 
September 4-5, 2014 
Orlando Metro Area, FL

Design of Foundations for Dynamic 
Loads 
September 10-12, 2014 
Philadelphia, PA

Earth-Retaining Structures: 
Selection, Design, Construction, 
and Inspection – Now in a LRFD 
Design Platform 
September 11-12, 2014 
Chicago Metro Area, IL

Soil and Rock Slope Stability 
September 18-19, 2014 
Charlotte, NC

Youseff M.A. Hashash Delivers the Peck Lecture

Carlos Santamarina Delivers the Terzaghi 
Lecture
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CORE BITS
Dam Breach Analysis Using HEC-RAS  
September 24-26, 2014 
Atlanta, GA

For more seminar information:  
www.asce.org/Continuing-Education/
Seminars/Face-to-Face-Seminars/

Over 140 on-demand geotechnical 
videos http://mylearning.asce.org/diweb/
catalog/t/2135/t/2108/c/79

MEMBERS

Thorne Becomes New ASFE President
Steven D. 
Thorne, PE, 
D.GE, M.ASCE, 
of Terracon, is 
the new president 
of ASFE/The 
Geoprofessional 
Business 
Association 
(GBA). Thorne 
is the 44th 

individual to serve as GBA’s president 
and chair the group’s Board of 
Directors. He is a Terracon principal 
and manager of the firm’s New 
Jersey office and specializes in deep 
foundations, ground improvement, 
and seismic evaluations. He also 
has extensive experience with 
the environmental sector of the 
geoprofessions.

Other GBA directors serving the May 
1, 2014-April 30, 2015 fiscal year are:

• President-Elect Gordon M. Mathe-
son, PhD, PE, P.G., M.ASCE, (Schnabel 
Engineering, Glen Allen, VA);

• Secretary/Treasurer Joel G. Carson 
(Kleinfelder, Omaha, NE);

• Kimberly F. Morrison, PE, R.G., 
M.ASCE, (Morrison Geotechnical Solu-
tions, Inc., Lakewood, CO);

• Laura R. Reinbold, PE, M.ASCE, 
(TTL, Inc., Nashville, TN);

• Alex Sy, Ph.D., P.Eng., M.ASCE, 
(Klohn Crippen Berger, Ltd., Vancou-
ver); and

• Woodward L. Vogt, PE, D.GE, 
F.ASCE, (Paradigm Consultants, Inc., 
Houston, TX).

G-I Member Publishes New 
Geotechnical Book
Musharraf Zaman, PhD, F.ASCE, 
University of Oklahoma, Norman, USA 
and Chandrakant S. Desai, PhD, PE, 
Dist.M.ASCE, University of Arizona, 
Tucson, USA, have recently published 
“Advanced Geotechnical Engineering: 
Soil-Structure Interaction Using 
Computer and Material Models.” The 
book covers computer and analytical 
methods for a number of geotechnical 
problems and is considered unique 
because of its scope with details of 
theory, computer procedures and codes, 
constitutive models, and applications 
toward analysis and design for a wide 
range of problems. It also provides a 
comprehensive treatment of computer 
methods and constitutive models that 
can be used for teaching, research, and 
for solving a wide range of practical 
problems in geotechnical and structural 
engineering and geomechanics. It 
additionally emphasizes material 
behavior (constitutive modeling) of 
geomaterials and interfaces/joints that 
are vital for realistic solutions of many 
geotechnical and structural problems. 

Carlos Englert Appointed Chair of DFI 
Sustainability Committee

Carlos Englert, 
A.M.ASCE, 
of Schnabel 
Engineering, 
recently became 
the chair of DFI’s 
Sustainability 
Committee. 
He succeeds 
Marine Lasne, 
who accepted a 

position on the DFI Board of Trustees.
Englert is a senior engineer 

at Schnabel Engineering. He has 
more than15 years of design and 
construction experience in geotechnical 
projects in the U.S. and Venezuela. He 
obtained a B.S. in civil engineering 
from Catholic University of Venezuela, 
and a M.S. at Pennsylvania State 

University. Englert is a specialist 
in design and field supervision of 
pressure-injected footings, drilled 
shafts, micropiles, shoring, slurry walls, 
ground improvement, stone columns, 
soil nails and tiebacks. He is also a 
contributing member to the DFI Slurry 
Wall Committee.

Robert M. Saunders, PE, M.ASCE. and 
Benjamin J. Turner, PE, S.M.ASCE. Join 
Dan Brown and Associates, PC

Robert M. 
Saunders, PE, 
M.ASCE, and 
Benjamin J. 
Turner, PE, 
S.M.ASCE, re-
cently joined Dan 
Brown and Asso-
ciates, PC. Saun-
ders is a licensed 
professional en-

gineer in Tennessee with more than 11 
years of experience in geotechnical con-
sulting and design. He completed his 
B.S. and M.S. in civil engineering at the 
University of Tennessee. His consulting 
experience includes geotechnical site 
characterization and slope stability. 
He has a broad design background, 
specializing in analysis and design 
of earth retention systems and deep 
foundations. His experience with earth 
retention systems includes design and 
construction of soil nail walls, soldier 
pile walls, anchored systems, temporary 
shoring, and mechanically stabilized 
earth walls. His experience with deep 
foundation design includes lateral 
response analysis of deep foundations 
and design of deep foundations in 
karst geology. Saunders has been in-
volved with several major projects for 
private companies and public agencies, 
including Foothills Parkway in Blount 
Co., TN, Interstate 240 expansion in 
Memphis, TN, and Bridgeforth Stadium 
at James Madison University.

Ben Turner holds B.S. and M.S. de-
grees in civil engineering from Cal Poly 
University, San Luis Obispo, and is a 
registered professional engineer in  

Steve Thorne

Carlos Englert

Robert M. Saunders
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California. Af-
ter completing 
his degrees, he 
worked as a con-
sultant for Shan-
non & Wilson, 
Inc.’s Los Angeles 
office for two 
years, providing 
design and con-
struction support 

services for a variety of projects, includ-
ing bridges, railroad infrastructure, 
landslide mitigation, and commercial 
development. Turner is currently pur-
suing a PhD at UCLA in geotechnical 
earthquake engineering, with a focus 
on the behavior of foundations under 
seismic loading conditions. He will 
transition to a full-time position with 
Dan Brown and Associates upon com-
pletion of his PhD. 

Gouda Selected as NY Section’s Civil 
Engineer of the 
Year
Moustafa Gouda, 
PE, D.GE, 
M.ASCE, of Maser 
Consulting, was 
selected as the 
ASCE New Jersey 
Section’s Civil 
Engineer of the 
Year. This is the 

Section’s highest award presented to 
an individual who is judged to have 
substantially contributed to the civil 
engineering profession. In addition, 
the NJ Section has set a standard for 
recognition of the citizen engineer 
who makes contributions on both 
professional and personal levels. Gouda 
received the award at the Section’s 40th 
Annual Awards Dinner in May.  

Upon learning of the award, Gouda 
stated, “I am honored and humbled 
by the selection. When I left Egypt in 
December 1969, not in my wildest 
dreams had I imagined that I would 
ever receive such an honorable award.” 

Gaboury Elected to GBA Council
David R. 
Gaboury, PE, 
M.ASCE, is the 
newest member 
of the prestigious 
Council of 
Fellows of 
ASFE/The 
Geoprofessional 
Business 
Association 

(GBA). The organization established 
the Council in 1975 to provide 
guidance for GBA’s direction and to 
pursue other activities its members 
deemed appropriate. 

Gaboury, who is president, CEO, and 
board chair of Terracon, is a licensed 
professional engineer with more than 
30 years’ experience in environmental, 
geoenvironmental, and water-resources 
engineering. He earned his B.S. in 
civil engineering from the University 
of Massachusetts at Amherst, and his 
M.S. in civil engineering from the 
Massachusetts Institute of Technology. 
He is a 15-year “veteran” of Woodward-
Clyde Consultants, for which he served 
as president and chief operating officer 
before joining Terracon. He has served 
GBA in a variety of leadership positions, 
most recently as its president during the 
organization’s FY 2011-2012. He was a 
national finalist for the Ernst & Young 
Entrepreneur of the Year® award in 2013.

Petersen Cited as Philadelphia Section’s 
Geotechnical Engineer of the Year 

William K. 
Petersen, 
PE, M.ASCE, 
of Schnabel 
Engineering, was 
cited as ASCE’s  
Philadelphia 
Section 2014 
Geotechnical 
Engineer of the 
Year. Petersen 

received the award at the Section’s 

annual Spring Social in May. 
Petersen is a senior associate at 

Schnabel’s West Chester, PA office. 
There he handles site investigations, 
geotechnical analyses, design 
recommendations, expert witness 
testimony, and construction services 
for various projects He has acted as 
geotechnical discipline leader for major 
highway reconstruction projects,which 
have included project management, 
subconsultant coordination, oversight 
of subsurface exploration, and 
construction phase services.

Petersen earned his B.S. in geology 
from Bowling Green University, 
another B.S. in geological engineering 
from Purdue, and a M.S in engineering 
geology. He chaired the Delaware 
Valley Geo-Institute technical group for 
the Pennsylvania Section from 2011-
2013 and is a member of the Geo-Strata 
Editorial Board. 

STUDENT NEWS

UTSA and Kansas State Form New GSOs
The Geo-Institute welcomes its 19th and 
20th Graduate Student Organizations 
(GSOs) – The University of Texas at 
San Antonio (UTSA) and Kansas State 
University.

UTSA’s mission is to take part 
in geotechnical events on behalf of 
the UTSA. It’s major objectives for 
forming a GSO include taking part 
in competitions, such as the Geo-
Challenge; engaging more actively 
in the academic events held in the 
U.S. and abroad; and introducing the 
potentials and capabilities of UTSA’s 
CEE Department to prospective 
students. UTSA’s current GSO adviser 
is Sazzad Bin-Shafique at 
sazzad.shafique@utsa.edu.

The mission of the Geo-Institute 
at K-State is to enhance the awareness 
of geotechnical engineering to the 
students as the Civil Engineering 
Department expands into the field. 

Benjamin Turner

Moustafa Gouda

David R. Gaboury

William K. Petersen
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The GSO will provide an opportunity 
for students to discuss current events 
and provide insight into the different 
opportunities within the geotechnical 
engineering profession. The GSO’s 
objectives are to promote and increase 
the awareness in the Civil engineering 
Department of the geotechnical 
fi eld and its opportunities; as well 
as supporting the Geo-Institute and 
ASCE; and facilitation of the planning 
and attendance of annual events and 
conferences. K-State’s current GSO 
advisor is Stacey Tucker at
setucker@k-state.edu.

Looking For Internship Opps?
Need an internship position? You can 
explore the positions listed on the ASCE 
website at http://careers.asce.org/jobs#/
results/keywords=internship&resultsPerP
age=12/1,false to help you obtain the 
experience you need to further your 
career path. New opportunities are 
added all the time. 

G-I CHAPTER NEWS 

 Cross-USA Geo-Institute Lecture
Tour Hosts
Congratulations to the following G-I 
Chapters and G-I Graduate Student 
Organizations (GSO) that will host the 
2014-2015 Cross-USA Geo-Institute 
Lecture Tour. The selected lecturer Ken 
Stokoe, PhD, PE, M.ASCE, a true role 
model for the geotechnical engineering 
community, will be visiting the follow-
ing areas:

Central New York Chapter

Delaware Valley Chapter

Georgia Chapter

Oregon State University GSO

Pittsburgh Chapter

Saint Louis Chapter

University of Michigan GSO

University of Wisconsin GSO 

University of Washington GSO

Virginia Tech GSO

Online graduate degree and certi�cate program

Geotechnics

Earn your degree             
             while you work.

Geological Engineers   Civil Engineers   Mining Engineers   Geologists

gtech.mst.edu
gtech@mst.edu | 573-341-6714

Classes start Monday, Aug. 25

800-562-8460 WWW.DBMCONTRACTORS.COM
Donald B. Murphy Contractors, Inc.

14dB102DbmGeoStrataBwAd.indd 
Ad size: 4.5682" x 4.875" tall 

2014

Design/Build   

Earth Retention

Foundation Support

Slope Stabilization

Ground Improvement

Dewatering



Is Your Geotechnical Group Becoming 
a G-I Chapter? 
It’s simple to become a Geo-Institute 
Chapter to get your section and/or branch 
message out to prospective and existing 
members. You remain in charge, but 
simply expand your reach to potential new 
members. There are no fees or chapter dues 
required by the G-I. Simply complete and 
return the Memorandum of Understanding 
(MOU). That’s it! Help increase your 
membership recruitment efforts and event 
marketing by converting your geotechnical 
group to a G-I Chapter or by forming 
a new G-I Chapter. Contact: jcanning@
asce.org or download the MOU from the 
G-I website at www.asce.org/geo/Chapters/
How-to-Become-a-G-I-Chapter/. Discover the 
benefits of affiliation.

View all Chapter events at www.asce.org/geo/
Conferences/Chapter-Events/

ISSMGE NEWS

ISSME Bulletin
You can now read the June 2014 ISSMGE 
Bulletin on the ISSMGE website at www.
issmge.org. Current topics include a report 
from the Corporate Associates Presidential 
Group (CAPG) that was created in 2011 by 
then ISSMGE President Jean-Louis Briaud 
to facilitate the activities of the Corporate 
Associates of ISSMGE; a message from 
President Roger Frank; various Society 
reports, and additional news items. 

ALLIED ORGANIZATION NEWS

42 Organizations Endorse ICED Publication
Forty-two organizations now endorse 
Recommended Practices for Design 
Professionals Engaged as Experts in the 
Resolution of Construction Industry Disputes, 
an annotated list of 13 “shoulds and 
should-nots” originally developed 
by the Interprofessional Council on 
Environmental Design (ICED). Created 

EPFL’s School of Architecture, Civil 

and Environmental Engineering 

(ENAC) invites applications for a  

Faculty position in Geo-Energy relat-

ed to carbon storage, unconventional 

hydrocarbons, geothermal energy and 

geomechanics. 

While a tenure-track Assistant  

Professor is expected to be hired, in 

exceptional cases appointments as 

Associate Professor or Full Professor 

are possible.

Topics of interest cover, but are not 

limited to:

• Experimental, theoretical or 

computational mechanical  

approaches for large-scale  

engineered geo-energy systems;

• Porous media multiphase flow 

modelling with a focus on injection 

and retention of CO
2
 in geological 

repositories;

• Underground unconventional 

resource recovery 

The successful candidate will have a 

strong research background in geo- 

engineering or/and geomechanics as 

well as the potential to develop an  

innovative and internationally recog-

nized research program leading to  

an outstanding record of scientific  

accomplishments.    

As a faculty member of the Civil Engi-

neering Section, he/she will excel in 

undergraduate and graduate teaching 

in the field of engineering geology. 

We offer significant start-up resourc-

es and internationally competitive 

salaries and benefits as well as excel-

lent experimental and computational 

facilities.

To apply, please follow the applica-

tion procedure at https://academic 

jobsonline.org/ajo/jobs/3981 

The following documents are re-

quested in PDF format: cover letter 

including a statement of motivation, 

curriculum vitae, publications list, 

statement of research and teaching 

interests as well as the names and  

addresses (including email address-

es) of at least three references. 

Screening will start on June 1, 2014 

and the search will continue until the 

position is filled. Further enquiries 

should be made to the Chair of the 

Search Committee:

Prof. Lyesse Laloui

Director of the Civil Engineering  

Section 

School of Architecture, Civil and  

Environmental Engineering, EPFL – 

ENAC – IIC, Station 18  

CH – 1015 Lausanne, Switzerland 

e-mail: lyesse.laloui@epfl.ch

For additional information on EPFL, 

please consult: 

http://www.epfl.ch or 

http://enac.epfl.ch 

EPFL aims to increase the presence of 

women amongst its faculty, and quali-

fied female candidates are strongly 

encouraged to apply.

Faculty position in Geo-Energy    
at the Ecole polytechnique fédérale  

de Lausanne (EPFL)
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in 1988, “Recommended Practices…” 
has been used extensively, and very 
successfully, in legal proceedings, 
especially in matters involving the 
standard of care. Because the document 
has been used extensively to impeach 
the testimony of “hired-gun experts,” 
the ASFE/The Geoprofessional 
Business Association (GBA) advises 
that leaders of “every engineering, 
environmental, and architectural firm 
in the nation should be familiar with 
the publication. Their lawyers and 
insurance agents need to be aware 
of it, too.”

The document is available at 
www.asfe.org or by contacting GBA staff 
at info@asfe.org or 301.565.2733. 

DFI Forms New Subsurface 
Characterization for Deep Foundations 
Committee
DFI recently formed its 16th 
technical committee to focus on site 
investigation for deep foundation 
design and construction. The 
new committee hopes to increase 
awareness of the importance of 
complete and competent site 
investigation in deep foundation 
practices. Though the specific goals of 
the committee will be defined by its 
committee members, the group will 
initially discuss and define subsurface 
characterization needs from the 
viewpoint of the geotechnical/
foundation industry. This should 
facilitate providing correct and 
comprehensive information to the end 
users (designers and contractors) and 
minimize change condition issues/
debates. The committee will liaise 
with associated committees from other 
organizations and agencies to broaden 
the discussion within the engineering 
community. 

DFI Trustee, Bernard Hertlein, 
M.ASCE, GEI Consultants, Inc., will 
serve as the committee’s liaison to the 
board and preside over the committee’s 
first meeting during the DFI Annual 
Conference in Atlanta, GA on 
October 21-24, 2014. 

GBA 2014 Fall Conference
October 23-25, 2014 
Westin San Francisco Market 
Street Hotel 
San Francisco, CA 
www.asfe.org/index.cfm?cdid= 
13517&pid=10466
“Confronting Risk for Our Firms and 
Our Clients: Leading in an Era of Rapid 
Change” will provide attendees two 
days of education, networking, and 
experience-sharing. Rapid changes in 
technology, leadership, communication, 
changing personnel demographics 
and attitudes, personnel turnover, 
new project-delivery methods, and 
expanding client requirements, among 
many other areas, are creating new risks 
for us and our clients. This conference 
will provide insight and guidance on 
how to confront these risks and how to 
avoid the pitfalls and take advantage of 
the opportunities.

IFAI Geosynthetics Conference
February 15-18, 2015 
Portland, OR 
www.geosyntheticsconference.com 
Geosynthetics 2015 is co-locating with 
the International Erosion Control As-

sociation’s Environmental Connection 
2015 conference. The co-location fea-
tures many opportunities for attendees 
from both conferences to mingle to 
meet new business contacts and explore 
different facets of the geotechnical in-
dustry. Shared events include a trade 
show, welcome plenary, welcome recep-
tion, lunches, and more.

INDUSTRY NEWS

Romanian Salt Mine Theme Park
Deep in the ground in Turda, Romania, 
is a salt mine that was turned into an 
unusual and extraordinary theme park. 
It is a massive piece of engineering! The 
mine is a historical monument to an 
earlier time when salt mining was big 
business in the region. The mine, hand 
excavated in the 13th century, started to 
decline after 1840 because of the ever 
bigger competition from the salt mine 
in Ocna Mures, a town in Alba county, 
Romania, located in the northeastern 
corner of the county. It was eventually 
closed as a mining facility and then 
registered as a historic site in1992. 
Located 368 feet below ground, the 
mine, about a 30-minute drive from 

Theme Park in Turda, Romania (bortescristian)



  71Geo-Strata  l   www.asce.org/geo

Cluj-Napoca, is home to basketball 
hoops, bowling, miniature golf, a ferris 
wheel, an underground lake, a spa, and 
more. Additionally, conditions of the 
Turda salt mine’s microclimate provide 
a special place for prophylaxis and 
treatment of respiratory and ear, nose 
and throat (ENT) health problems. For 
more information: http://bit.ly/1mxc8k8 
or http://salinaturda.eu/

13th International ISRM Congress 2015
May 10-13, 2015 
Palais des Congrès, 
Montréal, Québec, Canada 
www.isrm2015.com
In addition to the International 
Symposium on Rock Mechanics’ (ISRM) 
Congress, there is a special one-day 
symposium, “Shale and Rock Mechanics 
- As Applied to Slopes, Tunnels, Mines 
and Hydrocarbon Extraction,” chaired 
by Herbert Einstein of MIT on Tuesday 
May 12, 2015. The event is jointly 
organized by CARMA and ARMA. The 
symposium is subdivided into four 
plenary sessions, which will open with 
two keynote speakers followed by 
paper presentations. The themes for the 
symposium are hydrocarbon extraction; 
shale in slopes; shale in tunnels/mines; 
and a end of the day debate: “Shale is a 
soft rock and not a hard soil.”

Corps to do Risk Assessment on 
Tulsa-area Levee
By KEVIN CANFIELD World Staff Writer 

The Tulsa area’s nearly 20-mile levee 
system is among the top 5 percent of 
levees in the nation that have drawn 
the concern of the U.S. Army Corps 
of Engineers (USACE) because of the 
potential high risks associated with them.

To help address those concerns, 
USACE chose the Tulsa levee system—
along with eight others from around the 
nation—to be part of a risk-assessment 
pilot program to identify problems in 
the levees and prioritize rehabilitation 
projects. “The idea is that we identify 
from a risk standpoint what we can 
expose to make the biggest impact,” 
said Jaime Watts, levee safety program 

manager for the Corps’ Tulsa District.
The Drainage District 12 levee 

stretches approximately 20 miles from 
Sand Springs into Tulsa and protects 
an estimated $2.2 billion worth of 
infrastructure.

In 2008, the levee received an 
“unacceptable” rating from the USACE. 
The finding was made after federal 
standards were changed in the wake 
of Hurricane Katrina. The rating did 
not mean the levee was unsafe, but it 
did leave the levee district ineligible 
for federal rehabilitation assistance 
if the levee was damaged in a flood 
or significant storm. The USACE 
announced in 2011 that Drainage 
District 12 had been accepted into 
the System-Wide Improvement 
Framework program, which allowed 
the levee district to again receive federal 
rehabilitation assistance.

To be certified by the Federal 
Emergency Management Agency, the 
levee must be able to handle a 100-year 
flood. For the Arkansas River, that is 
205,000 cubic feet of water per second.

Approximately $300,000 has been 
designate to help fund a separate 
$1 million assessment of the structural 
integrity of the levee system. Tulsa County, 

Sand Springs and Drainage District 12 are 
also helping pay for the study. 

TRB Announces New Topics for 2014
The Transportation Research Board 
(TRB) announced new synthesis topics 
to be done by the National Cooperative 
Highway Research Program (NCHRP) 
under Project 20-05, Synthesis of 
Information Related to Highway Practice. 
The deadline for receipt of consultant 
letters of interest is close of business, 
Friday, August 15, 2014. To be considered 
a consultant, visit www.trb.org/Studies/
Synthesis/SynthesesNCHRPNew.asp. 
Letters of interest must be submitted 
electronically through the portal at this 
web address.

The Ten Most Impressive Engineering 
Projects of All Time
The Master of Civil Engineering 

Program at Vermont’s Norwich 
University has compiled a definitive top 
ten list of these impressive structures. 
The University’s website states: “From 
the earliest annals of history to modern 
times, there are numerous creations 
that showcase our ability to realize 
an incredible constructive vision. 

#1 Most Impressive Structure: The Great Pyramid, Giza, Egypt 2560 BC. 
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While every engineer or anyone who 
appreciates structures may have their 
own opinion on what engineering 
project is most impressive, it can 
be assumed that these ten would 
be placed at the top.” You can span 
more than 2,000 years of architectural 
ingenuity and invention and view these 
impressive structures such as the Great 
Pyramid, Great Wall of China, the 
Hoover Dam, and the Qingdao Haiwan 
Bridge by visiting http://civilengineering.
norwich.edu/top-10-most-impressive-civil-
engineering-projects/

ORVSS XLV
October 17, 2014 
Cincinnati, OH 
www.kgeg.org
The Kentucky Geotechnical Engineering 
Group presents “Geotechnical Aspects 
of Waterfront Development.”  This Ohio 
River Valley Soils Seminar will highlight 
the state of practice for geotechnical 
aspects of water development, 
such as the innovative techniques 
or technologies implemented and 
predicted versus actual performance. 
The goal of ORVSS XLV is to provide 
geotechnical engineers, geologists, 
contractors, material suppliers, and other 
geotechnical practitioners an opportunity 
to share lessons learned about previous 
projects to continue the advancement of 
the geoprofessional field. 

Saudi Arabia Works on World’s Tallest 
Skyscraper

Work on the 3,280-ft.-tall Kingdom 
Tower in Saudi Arabia recently began 
in the coastal city of Jeddah. The 
skyscraper, which should take five 
years to construct, is expected to be the 
tallest building in the world. It will be 
four times higher than London’s The 
Shard and more than 500 feet taller 
than Dubai’s Burj Khalifa, the world’s 
current tallest tower.  The Tower was 
initially planned to be 1.6 kilometres 
(1 mi) high; however, the geology of 

the area proved unsuitable for a tower 
of that height. The triangular footprint 
and sloped exterior of Kingdom Tower 
is designed to reduce wind loads. 
The project is expected to use half a 
million cubic meters of concrete and 
approximately 80,000 tons of steel. The 
finished building will cover a total area 
of over 500,000 square meters and have 
200 floors. Planned are 59 elevators, 
including five that are double deckers 
to take visitors to the observatory. They 
will travel at 10 metres per second.

“By permission of John L. Hart FLP and Creators Syndicate, Inc.”

Rendering of the Kingdom Tower in Saudi Arabia

Correction
An incorrect photo appeared on 
page 58 of the May/June 2014 issue 
for W.D. Liam Finn’s Seed Lecture 
paragraph. The correct photo is 
shown here.
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